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ABSTRACT
Product d istr ibu tion  data have been obtained for the anodic oxi­
dation (with a graphite anode) of the seven- to  ten-membered ring cyclo -  
alkanecarboxylic ac id s. The energetic cycloalkyl cations produced 
elim inate protons (to an extent roughly proportional to  the stra in  assoc­
iated with the ring moity) or react with solvent or carboxylate to  form 
alcohols or e s te r s . From 6 to  21% of the elim ination reaction are trans- 
annular 1, 3-  or 1, 5-elim ination reactions giving the corresponding c i s -  
bicyclo[X .l.o |-»  and -{x .3 .0 ] alkanes. The amount of c i s - cycloalkene 
varies inversely with ring s iz e  and trans o le f in  formation conqpetes favor­
ably with trans annular elim inations for the two larger r in gs, the cyclo- 
octane ring system giving the largest amount of transannular products.
These elim ination products are con?>ared with other medium ring 
elim ination reactions involving cation s, carbenes and cabanions. I t  
appears that the cation produced by anodic oxidation i s  sparingly so l­
vated and is  sim ilar to  cations produced by deaminations even though 
considerable s e le c t iv ity  is  demonstrated in  the extent and type of sub­
sequent elim ination.
The NMR spectra of c is-^ icyclo(X .l.O jalkanes indicate the cyclo­
propane syn-hydrogen shielding i s  affected  by the s iz e  of the second 
ring; in  the medium ring region the sign a l i s  upfield  from tetram ethyl- 
s ila n e .
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CHAPTER I
INTRODUCTION
The e le c tr o ly s is  of carboxylic acids dates back to  M. Faraday.3-
2
Several theories have been proposed for the coupling reaction  known 
as the Kolbe e le c tr o ly s is  but the free rad ica l mechanism was accepted 
soon after i t s  presentation.^ The reaction at the anode was depicted as 
follow s:
RCOO“ —* RCOO' + e 
RCOO* —> R' + C02 —»■ 1/2 R-R
Detailed stud ies have been made on the variab les, concentration, 
current density , temperature and acetate/acid  r a tio  for the optimum con­
ditions for the formation of ethane from acetates.^  These variables
have been shown to  be applicable to  many other acids for the Kolbe re~
7
action . In KolbeJs orig in a l work, traces of ethylene and methyl acetate
g
were detected . I t  was later found that alcohols could be obtained in 
good conversions by s.uppressing the Kolbe reaction . Factors favoring
g
alcohol formation (the Hofer-Moest reaction) were alkaline conditions 
and the addition of inorganic s a l t s ,  particu larly  perchlorates, su lfa tes  
and bicarbonates.
The Kolbe coupling reaction is  not general. Aromatic acids are
9
not oxidized at a l l  at the anode, and other acid s, e sp ec ia lly  alpha-
10
substituted carboxylic acid s, give abnormal products such as o le f in s , 
alcoh ols, ethers and e s ter s , products more typ ica l of carboniura ion 
reaction s. Some sp e c if ic  examples are the formation of di~ and t r i -
1
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12
phenylmethyl ethers and acetates by e le c tr o ly s is  of d i-  and triphenyl-
11acetic  acids in methanol or a cetic  acid and of N-methoxymethyl amides 
by e le c tr o ly s is  of acylaminoacetic acids in methanol with platinum elec­
trodes.'
I t  has been shown"' that some acids undergo anodic oxidation in­
volving cation ic intermediates. High voltage and structures favoring 
r e la t iv e ly  stab le carbonium ions are most favorable for the reaction; 
for example:
(k O fo )
COOH
■COOH
:ooh
COOH
jOCHj
W)
B icyclo[2 . 2 .l]heptane and b icy c lo [2 . 2 . l ] hept-7-ene derivatives have been 
13shown repeatedly to  e a s ily  give stab le  cations which rearranged to
give exo-norbornyl derivatives and tr icyclen e d er iva tives, resp ective ly ,
12as illu stra ted  above. The e le c tr o ly s is  of cyclobutanecarboxylic acid
in water (20 v o lts , 100°) affords mainly cyclobutanol and cyclopropyl-
methanol (ratio  1.1 to  1) and a small amount of 3-b u ten -l-o l, a mixture
id en tica l with that resu lting  from the deamination of cyclobutylamine.1^
The most convenient method developed so far for the attainment
15of abnormal products v ia  anodic oxidation was reported by Koehl. He 
electrolysed  siaqple a lip h atic  acids with a graphite anode a t low cur­
rent density . Although these acids normally give the radical-coupling  
products with platinum e lectod es, Koehl obtained almost exclu sively  the
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
3abnormal products with the graphite electrode. The product d istribution
data were very sim ilar to  those obtained from carbonium ion reactions
16,17 18 
such as deaminations and deoxidations.
Thus i t  appears that anodic oxidation of carboxylic acids via  
carbon electrodes can be a convenient route to  carbonium ions. The 
entry to  carbonium ion chemistry made availab le by such a to o l should 
provide valuable information pertinent to  reaction  mechanisms.
An e f f ic ie n t  approach to  the understanding of th is  e lectro ­
chemical process as a mechanistic to o l i s  perhaps the u t iliz a t io n  of 
medium ring cycloalkanecarboxylic acids as reactants. To ju s t ify  th is  
statement the properties of medium rings must be considered.
Medium rings are those with eight to  eleven carbon atoms in the
19r in g . Several chemical ch aracter istics  ^ se t  apart medium rings from 
other compounds so the c la s s if ic a t io n  is  not arbitrary. These sp ecia l 
properties ar ise  from the type of stra in  inherent in  the closed ring 
structure. P itzer stra in  ( la ter a l repulsion between v ic in a l groups) 
and Bayer stra in  (bond angle deformation) are present to  some extent in 
medium ring compounds, but the end-on interaction  of hydrogen atoms
attached to  opposite sid es of the molecule (transannular stra in ) is  a
20major source of stra in . X-ray studies have shown the hydrogen-hydro-
gen atomic distance (across the ring) to  be le s s  than van der Waals
rad ii and the heats of combustion of the medium ring hydrocarbons c learly  
21v e r ify  the presence of stra in  which i s  maximum in the ten-membered 
rin g .
The most remarkable chemical ch aracteristic  of medium rings i s  
that some reactions do not take place on the c la s s ic a lly  activated  
s i t e s  but involve atoms located on opposite sid es of the r in g . The ob­
servation of these transannular reactions were reported almost simul-
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
22 23taneously from the laboratories of Prelog and Cope in 19$2 * for
peroxyformic acid oxidations of cyclooctenes and cyclodecenes.
o HC03H ,0H H o /  \ ^ 0 ]>H a .OH
In addition to  these transannular hydride s h i f t s ,  transannular hydrogen
usually stereo -se lec tiv e  due to  the fixed  s te r ic  requirements of the
"proximity effect"  to include these and other nonvicinal interactions
of atoms or groups that are fixed  in the proximity of each other by
ste r ic  requirements.
These ch aracteristics make medium ring compounds particu larly
attractive  in the stucfy of reaction  mechanisms. Small changes in the
interm iediates (or tran sition  s ta te s )  can lead to  gross changes in the
30 31ultimate products obtained * •
2li 25atoms migrate in  free  rad ica l processes 9 , carbenes transannularly
26,27insert to  give bicycloalkanes , and medium ring cations elim inate
26 28transannular protons to  form bicycloalkanes * • These reactions are
29atoms involved in the medium ring compound. Cope suggests the term
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
CHAPTER I I
RESULTS AMD DISCUSSION
The seven through ten member ed medium ring cycloalkanecarboaylic 
acids were e lectrolysed  at a graphite anode and the product d istr ibu tion  
data were obtained* The r esu lts  are certa in ly  in accord with Koehl*s 
view that the carboxylate anion lo ses two electrons at the anode in a 
two-step electrode process to  form a carbonium ion:
RCOO*” ->  R* + C02 + e
R* —* R+ + e
The resu ltant carbonium ion can then react in a var iety  of ways, for
example, elim ination, rearrangement and combination with so lvent.
A ty p ica l example of the complete anodic oxidation reaction of 
a medium ring acid i s  shown below for the e le c tr o ly s is  of cyclooctane- 
carboxylic acid . The resu ltin g  cycloocty l cation can undergo solvent 
capture to  y ie ld  alcohol or react with carboxylate ion to  give e ster . 
Approximately 7$% does react th is  way. Only 2$% o f the cations su ffe r  
elim ination, but we have chosen th is  part of the reaction for study 
since i t  i s  these products that allow us to  ca p ita lize  on the se n s it iv ­
ity  of the medium ring intermediate to  mechanistic su b tle tie s  which 
help toward an o v er-a ll understanding of the mechanism. The intermedi­
ates are p articu larly  se n s it iv e  to  conformation and proximity e ffe c ts  
which characterize other reactions of medium ring compounds. As shown 
below, 22% of the hydrocarbon products from cyclooctanecarboxylic acid 
resu lted  from transannul-ar' elim ination.
5
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O c”-CO
A. The E lectro ly sis  C ell
A diagram of the c e l l  i s  shown in Figure 1. The design of the 
c e l l  was based upon m aterials at hand and a desire for s im p lic ity . For­
tunately , the design was successfu l enough to  obtain the data with a 
reasonable e ff ic ie n c y . This aspect w i l l  be explained later in Section E.
The c e l l  consisted of a 250 ml. e le c tr o ly t ic  beaker with a 
t ig h t f i t t in g  rubber stopper. Four holes were d r illed  to  t ig h t ly  f i t  a 
graphite cy lin d rica l bar (0.55 in . diameter), a copper bar of the same 
diameter, a thermometer and a Dry Ice , cold finger condenser. The source 
of the e le c tr ic a l current was two 12-volt b a tter ie s  in  s e r ie s . The 
graphite anode was connected to  the (+) post of the battery while the 
copper, cathode was connected through the variable re s is to r  and the am­
meter to  the ( - )  post of the battery.
A standard apparent current density (c .d .)  was used for a l l
A
e le c tr o ly ses . The c .d . chosen, was 0.0it5 amp. cm . For 100 ml. of car­
boxylate so lu tion , the electrode dimensions demanded a to ta l  current of 
0 .8  amp. This reading was maintained throughout each experiment. The 
to ta l  current was estimated ebulom etrically. The anode reactions wares
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Figure 1 
E lectro ly tic  C ell
Gas
Condenser
Copper Cathode Graphite Mode
Magnetic Stirrer
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The cathode reaction  was:
2 HgO + 2e — >- 2QfT + Hg 
The amount of gas produced at the anode per Faraday of e le c tr ic ity  passed 
depended on the reaction . However, th is  factor was ignored and a current 
effic ien cy  was defined as the number of moles of acid consumed divided 
by twice the number of moles of gas produced. This d e fin itio n  is  correct 
only at 10C$ e ffic ie n c y .
The products obtained could be read ily  separated into three groups 
according to  the reaction path. The sim plest fraction  was the unreacted 
acid which was extracted with excess d ilu te  a lk a li .  This procedure 
along with those following are described in  d e ta il in the experimental 
section .
The next two fraction s were separated according to  the ultimate 
fa te  of the intermediate cycloalkyl cation produced. The hydrocarbon 
fraction , formed by elim ination of a proton from the intermediate, con­
tained c y c lic  o le fin s  (conventional elim inations) and c is -b icy c lo a l-  
kanes (transannular elim ination). The so lv o ly s is  fra ctio n , formed by 
capture of the intermediate by solvent or carboxylate, contained cyclo-  
alkanol and e s ter , resp ective ly . This fraction  was separated into the 
two components when convenient.
The to ta l  m aterial balance was the molar sum of each fraction  
divided by the moles of starting m aterial. The elim ination fraction  was 
the moles of hydrocarbon fraction  divided by the moles of acid consumed.
B. E lec tro ly sis
A b r ie f summary of the data i s  shown in Table 1, The increase
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Table 1
Data from the e lectroJysis of cyclo* 
alkanecarboxylic a c id s .'3 '
Expt, Tgmp. Material Current Elim.
No. C balance, % e f f . ,  % Fraction
COOH 1 ill* 82.5 113 0.05
OOH
.COOH
2 ho 86.5 120 0.20
3 U5 87.5 130 0.23
J+ UU 6U 80 0.25
5 5U 91 80 0.21
OH 6 58 100 51 0.55
(b) 7 61 93 U2 0.31
(c) 8 67 98.6 7.2 0 . 2U
(d) 9 66 99.5 7.3 0.15
(a) Electrolysed with c e l l  described in tex t unless otherwise sp ec ified .
(b) Circular copper cathode.
(c) Circular copper cathode and platinum anode.
(d) Copper bar cathode and bar platinum anode
9
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in elim ination reaction , shown in the la s t  column, as the s iz e  of the 
ring increases i s  roughly proportional to  the stra in  associated with the 
ring portion of the cycloalkanecarboxylic acid . This dependence on ring  
s iz e  c lea r ly  shows that th e  intermediate cycloalkane cation discrimin­
ates between the so lv o ly tic  and the elim ination processes.
The current e ff ic ie n c y  indicates that an increase in ring s iz e  
requires a higher p oten tia l for the anodic oxidative process. A po­
te n t ia l of 1.7 v o lts  should give hydrogen and oxygen at one atmosphere 
of pressure at their  respective electrode. However, depending on the 
electrode composition, environment, past h istory  and other variab les, 
a higher p o ten tia l is  required to break down water e le c tr o ly t ic a lly .
This excess p o ten tia l i s  ca lled  overvoltage. Since these experiments 
were conducted at constant current and the current e ff ic ie n c y  decreased 
as ring s iz e  increased, i t  appears that only for the nine and ten  
membered ring acids was there su ff ic ie n t p o ten tia l for the e le c tr o ly s is  
of water to  compete with or exceed the e le c tr o ly s is  of the carboxylate 
anion.
The high temperatures for the nine and ten  membered ring acids 
were required to  break up a viscous j e l l  that formed when the solu tions 
were made tp . Foaming and poor stirr in g  resu lted  at lower temperatures.
The e le c tr o ly s is  of cycloheptanecarboxylic acid resu lted  mainly 
in oxygenated products, alcohol and e s te r . The hydrocarbon fraction  
was 0 . 0f>2j that i s ,  5>*2% of the acid consumed gave elim ination products 
(Table 1 ). The hydrocarbon fraction  contained 87% c i s -cycloheptene 
and 12$ c is -bicycloQ -ul.o]heptane (norcarane) (Table 2 ) .
Other elim ination reactions associated with the cycloheptyl 
moity are l is te d  in Table 2 . The £-toluenesulfonylhydrazone
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
T able 2
E lec tro ly sis  of Cydloheptanecarboxylic Acid 
Compared to  Other Elimination Reactions
Hydrocarbon Fraction, Mole % Composition
o  o
o -  COOH 12  87
o
■NHTos (DO) 10 90
(ETG) 18 81
11
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(tosylhydrazone) of eye loheptanone, when pyrolysed in the presence of
sodium methoxide in diglyme (d iethyleneglycol dimethyl ether, DG), gives
26,27
the diazocycloalkane which elim inates nitrogen to  form a carbene .
The carbene gives bicycloalkanes v ia  a transannular insertion  reaction  
or o le f in  v ia  hydrogen rearrangement. The same tosylhydrazone pyroly- 
zed in  sodium methoxide in  ethylene g ly co l or sodium ethylene gy lco late
in the same solvent (ETG) proceeds through a diazonium cation which
26elim inates nitrogen to  g iv e , in th is  case the cycloa lk yl cation .
O lefins are formed by oc-elim ination of a proton and bicycloalkanes 
are formed v ia  a transannular proton elim ination . . In both transannular 
reactions above, c is-b icycloalkanes are formed due to  the restra in t  
imposed on the tra n sitio n  s ta te  by the ring (a proximity e f f e c t ^ ) .  In 
the case of the carbene mechanism (DG), the cycloheptyl ring gave 10$ 
transannular products w hile the cation  process (ETG) gave 18$. The 
seven membered ring i s  the only ring studied in  the present investiga­
tio n  for which the carbene process gives le s s  transannular products than 
does the cation process.
The fa c t  that only elim ination products, alcohol and e s te r , 
were obtained and no b icycloheptyl or cycloheptane ( le s s  than 1$ cyclo -  
heptane can read ily  be d etected ), ind icates a carbonium ion mechanism.
The extent of the so lv o ly s is  reaction  (approximately 7 : 1 in 
iso lated  products over elim ination) ind icates a d is tin c t  preference 
for that reaction  with the seven-membered r in g . Less preference for  
so lv o ly tic  product formation i s  exhibited by the product proportions 
obtained from the medium ring ac id s.
The e le c tr o ly s is  of cyclooctanecarboxylic acid produced the great­
e s t  portion of transannular elim ination products of the acids studied  
(Table 3 ) .  By vapor phase chromatography (v .p .c .)  comparison with
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Table 3
E lectro ly sis  of Cyclooctanecarboxylic Acid 
Compared to  Other Elimination Reactions
-OOH
Hydrocarbon Fraction. Mole % Composition 
bxcycloalhane cyoioalltene Other
3*3 .0  5 *1.0 trans c is
13 75 i f  a
11.3 76 U.2
U5
(ETO) 6 10 03
a Unidentified v o la t i le  hydrocarbon# 
b cyclooctane.
100
13
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authentic sanqples, the unidentified product l is te d  was shown not to  be 
bicyclo[i|..2.o]octane or 1-methlycycloheptene. The product r a tio s  for 
the eight membered ring derivatives are sim ilar to  those from anodic 
oxidation and tosylhydrazone decomposition in ethylene g ly co l. On the 
other hand, a decided contrast in product ra tio  is  shown in Table 3 for 
the carbenic process, tosylhydrazone p yrolysis in DG, conqpared to the 
above cation ic processes.
The so lv o ly sis  of cyclooctyl bromide in 67% aqueous tetrahy- 
drofuran gave only c i s - cyclooctene; th is  difference in products c learly  
signals a difference in the intermediate cation . So lvo lysis of the 
same bromide in  the presence of s ilv er  acetate g ives l i t t l e  more than 
detectable amounts of 1-methylcycloheptene and transannular products .
Extensive side products were obtained in the preparation of 
cyclooctanecarboxylic acid v ia  carbonation of the Grignard reagent. Con­
siderable amounts of b icycloocty l (1$%) were formed as w e ll as elimina­
tion  products. Table 3 shows the composition of the hydrocarbon portion  
le s s  the coupling product: k3% cyclooctane, 55% cis-cyclooctene and 2% 
c is-b  icy c lo [3 •3 • oj octane.
The e le c tr o ly s is  of cyclononanecarboxylic acid produced a hydro­
carbon fraction  containing 27% trans-cyclononene (Table U). The extent 
of transannular elim ination was le s s  than 10%. The cation ic tosylhy­
drazone decomposition showed sim ilar r e su lts ;  the hydrocarbon portion  
contained k% transannular elim ination products and 12% of the fraction  
was tr  ans-cyc lononene. The carbenic tosylhydrazone process resulted in 
v a stly  d ifferen t product d istribu tion  data: 53% transannular products 
and no trans o le f in .
Also lis te d  in  Table U are data for the so lv o ly s is  of cyclononyl 
31P-toluenesulfonate » The sign ifican ce of the r a tio  of trans-  to c i s -
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Table k
E lectro lysis  of Cyclodecanecarboxylic Acid 
Compared to Other Elimination Reactions
-COOH
Hydrocarbon Fraction, Mole % Composition 
Bicycloalkane Cycloalkene
[It»3.Q3 [6 . 1. 0]  trans c is
5 .8  3 .8  27.9 60.1*
U.3 1.5 27.3 66.5
O00) i;2 11 i;7
cxj
(ETG) 2 2 12 81).
OToS (a) 33 67
(a) See reference 31
15
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cyclononenes w i l l  be discussed la ter .
The hydrocarbon portion obtained from the e le c tr o ly s is  of cy*
clodecanecarbo:xylic acid contained 55$ tr  ans-cyc lodecene. The tran s--
annular elim ination products id en tified  amounted to  only 6% of the
hydrocarbon portion, but another 5$ of th is  fraction  was an unidentified
hydrocarbon which may have resulted from a transannular reaction , Table
5 . The decomposition of cyclodecanone tosylhydrazone in  ethylene g lyco l
26(cation ic process) gave very l i t t l e  transannular products and the trans
to  c is  r a tio  of cyclodecenes was 0.1+3 to 1. The trans to c is  ra tio  of
the c y c lic 'o le f in s  for the e le c tr o ly s is  reaction was 1.6 to  1. The
so lv o ly sis  of cyclodecyl to sy la te  gave the r a tio , 5 .6  : 1. The thermo- 
32dynamic ra tio  i s  0 . 08: 1, so the high trans to c is  r a tio s  are the
resu lt of k inetic  control. The conformation of the cyclodecyl cation
31 33favors the formation of the trans o le fin  * . Formation of the trans
o le fin  from the cyclodecyl cation may take place with l i t t l e  movement 
of atomic centers in the preferred conformation for the so lv o ly s is  of 
qyclodeqyl to sy la te s , The cyclodecene formed by a ceto ly sis  of cyclodecyl 
to sy la te  was a mixture of 5 tran s- : 1 cis-cyclodecene; when the cyclo­
decyl to sy la te  was labeled with lllC and with D, transannular hydride 
s h if ts  (to  the extent of 12 -  16$) preceeding o le f in  formation were de-
4- 4-  ^ 3i,3Utected .
Kinetic control was perhaps of even more sign ifican ce for the
cyclononanecarbo:xylic acid e le c tr o ly s is , in which a trans to c is  ra tio
32of 0 .5 ' i 1 was obtained. The equilibrium ra tio  is  0.001+ : 1.
The carbenic cyclodecanone tosylhydrazone process gave 80$ trans­
annular products. For a l l  the rings studied so far only the ten-mem- 
bered ring has produced a trans-cvclene (6$ , Table 5 ) .
The carbanion process, carbonation of cyclodecylmagnesium
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Table 5
E lectro ly sis  of Cyclodecanecarbo:xylic Acid 
Conqpared to  Other Elim ination Reactions
hydrocarbon Fraction, Mole % Composition 
Bicycloalkane  Cycloalkene
Dt.it.0] f5 .3 . 01 f7 . 1. 0] trans c is
r^ ^ N -C O O H
6
55 3lt
(DG) 18 62 6 lit
(ETG) 0.05 0.2 30 70 (a)
l^ v^ N -O T O S
t r a c e 85 15 (b)
c is  a 2 20 20 (c)
trans h
(a) Reference 23
(b) Reference 31
(c) Cyclodecane k$% a lso  formed
17
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chloride, produced a hydrocarbon fraction  containing 1k% transannular
products. Most notable was the appearance of k% trans-b icyclo  [Ij.. 1;. cf| -
decane (decalin) along with 8% c is -d eca lin  and 2% c is - bicyclof~5 .3 .61 -
decane. Carbonation of cyclodecylmagesium bromide i s  reported to  give
26k% of trans-decalin  as the only transannular product. Perhaps the 
chlorine containing Grignard reagent exh ib its more ionic character which 
could account for the increase in transannular reaction  v a r ie ty . The 
mechanism could be an Sn2 type displacement of hydride;
H
W
Transition sta te  for 
c is -d eca lin
Transition sta te  for  
trans-decalin
Carbanions are isoelectron ic  with amines and very l i t t l e  energy of 
activation  should be required to  invert their  configuration. Geometric­
a lly  stab le  carbanions have been detected on2y  with a few r ig id  systems. 35
c r r c
rapid
A
B - 4
j
From an examination of m odels,^  i t  appears that the c lo ses t  
approach of the orb ita l of the carbanion leads to the c is  product. How­
ever, considerable hydrogen-hydrogen repulsion would occur at carbons 
2 and 7, as shown:
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c is - in se r tio n trans- insert ion
Table 6 shows the hydrocarbon fraction  obtained from the e lec ­
tr o ly s is  of each cycloalkanecarboxylic acid . The extent of transan­
nular reaction obtained from the seven- to  ten-membered ring acids was 
12, 21, 10 and 6% resp ectively; i f  the unidentified portion i s  included, 
the amounts are modified to  13, 25, 12 and 11%, resp ectively . The to ta l  
extent of cycloalkene formation was about constant for the se r ie s  of 
acid s, but there is  a d e fin ite  correlation between ring stra in  and c i s -  
cycloalkene formation; 87, 75, 60 and 3h% was obtained for the seven- 
to  ten-membered r in gs, resp ectively . The le s s  stable trans o le fin s  
appear, only with the nine and ten membered r in gs, which yielded hydro­
carbon fraction s containing 28 and 55$ tran s-cycloalkenes, resp ective ly . 
This resu lt indicates th a t, with these larger r in gs, the tran sition  
sta te  leading to  tr  ans-cyc loa lkene competes favorably with the one lead­
ing to  transannular elim ination.
Transannular elim ination o(-elim in ation  tran sition
tra n sitio n  sta te sta te  (trans-product)
A ll the b ic y c lic  hydrocarbons id en tified  in these reactions can
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T able 6
Product D istribution  Data of the hydrocarbon 
Fraction Produced by Anodic Oxidation
hydrocarbon Fraction, Mole % Composition
Bicvcloalkane Cycloalkene Uniden­
t i f ie d
p t.l.O ] [X.3>0] trans c is  _______
COOH
C C ^ COOH
COOH
C X J
C C r "
IH
12 87
8 13 75
28 60
55 3k
20
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be accommodated by transannular 1 ,3-slim inations giving c is -b icy c lo -  
[X .1 .0 /alkanes and .1., 5-elim inations giving the c is -b ie y e lo fx .3 .0 ]alkanes.
The seven-membered ring acid gave exclu sively  1,3-elim ination  
products. The eight-membered ring acid gave 62% 1 ,3-elim ination and 38/0 
1, 5-elim ination , v ir tu a lly  a complete reversal of proportions as the 1, 3-  
and 1, 5- hydride sh ifts  (39 and 61%, resp ectively) reported*^ for t h e - 
formoJysis of deliberated cyclooctene oxide.
OHOH
HO D QD D
OH
OH D
4-
OH D
For another product of the same reaction , 3-cy c lo o c te n e -l-o l, the same 
workers found 9h% 1, 5-hydride and only 6% 1, 3~hydride s h if t s .
The appearance of the three-membered ring derivatives decreases 
as the s ize  of the parent ring increases. The hydrocarbon fraction s ob­
tained for the seven- to  ten  membered ring acids contained 12, 8, I; and 
0%, resp ectively , of cyclopropane d er iva tives. The formation of b icyclo -  
{X.l.oJalkanes necessarily  requires the concurrent formation of two rings 
in the b icy c lic  system. As the s iz e  of the parent ring increases, the 
larger of the two rings in  the bicycloalkane produced enters into the 
medium ring region ( 1, 3-transannular elim ination of n in e- and ten-mem- 
bered c y c lic  cations must create e ig h t-  and nine-member ed ring deriva­
t iv e s )  and perhaps the energy requirements become prohib itive for their
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formation. The formation of cyclopentane derivatives, shown in Table 6, 
was 0, 8, 6 and 6$, resp ectively , for the same acids above. The absence 
of l,i|.-elim ination in the seven-membered ring acid e le c tr o ly s is  i s  per­
haps ju s t if ie d  since i t  requires the concurrent formation of a eyelobu~ 
tane derivative} apparently th is  s ize  ring formation is  en ergetica lly  
unfavorable.
A ll of the transannular products may be accounted for by 1 ,3- 
and 1 ,5-elim inations. Wo products of l,U -elim inations were formed, 
perhaps because of the unfavorable energy requirements as mentioned 
above. In sp ite  of the seemingly favorable 1 ,6-elim ination  for cyclo -  
decyl cation , products of 1, 6-elim ination  were also  absent from the mix­
tu res . Even the carbene process, decalin (formed by a 1, 6- insertion  
reaction) constituted only 18$ of the hydrocarbon products. I t  i s  in­
terestin g  to  note that the bicycloalkanes formed in highest proportion 
by the anodic oxidation process were b ic y c lo [5 . 1od]octane and b icyclo -  
[U .l.o]heptane, having a three-^ and seven-membered ring and a threa-
and six-membered ring, resp ectively .
As the s iz e  of the ring was increased, the cation ic  tosylhydra- 
zone decomposition gave le s s  transannular products, while the anodic 
process showed no orderly change. This d ifference could be accounted 
for by the so lven t. The fa te  of carbonium ions are assumed to  be de­
pendent upon their  mode of formation and environment. Cationic species
are more "reactive” when formed by d iazotiza tion  of amines in  protic
37solvents than by so lv o ly s is . D iazotizations of amines in aprotic s o l-  
vents give cations d ifferen t from those in p rotic  so lven ts. Minimum 
sk e le ta l rearrangements and double bond migrations are observed, and 
cyclopropane formation and reaction  with solvent ( e .g . ,  a lkylation  of 
benzene) increase.
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With the above factors considered, the eye loa Iky 1 cation produced
by anodic oxidation appears more 'Ireactive11 and, hence, le s s  solvated
than the cation  produced by tosylhydrazone decomposition in ethylene g ly -
26
co l or by deamination of cyclodecylamine with nitrous acid. Deamina-
tio n  of cyclodecylamine was reported to  give mainly c is - cyclodecene,
but unpublished investigations of th is  reaction  in these laboratories
39show sim ilar resu lts  to  those of anodic oxidation obtained above. The 
ten -fo ld  increase in proportion of elim ination reaction  obtained from 
the cycloheptane- to  cyclodecanecarbojfylic acids and the fa c t that most 
of the reaction products were so lv o ly tic  ones suggest only a moderately 
energetic cation ic interm iediate, despite the s l ig h t ly  higher ’'reactiv ity*1 
of the anodic oxidation intermediates compared to  the cycloalkanone 
tosylhydrazone cation ic  decomposition interm ediates.
In summary, i t  can be concluded that the reaction mechanism of 
the anodic oxidation of the medium ring cycloalkanecarbo:xylic acids with  
graphite electrodes involves an energetic cycloalkyl cation intermediate, 
which shows considerable s e le c t iv ity  as to the extent and type of e l i ­
mination reaction .
This s e le c t iv ity  is  illu stra ted  by the increase of elim ination  
products as the acid r in g -s ize  i s  increased (Table 1 ).
The s e le c t iv ity  among types of elim ination is  shown in several 
ways: (a) the cyclopropane derivatives decreased as the s iz e  of the ring 
increased (Table 6) ,  (b) there was an absence of cycldbutane derivatives  
(Table 6 ) and (c) the ten-and nine-membered ring acid gave a high ra tio  
of tran s- : c i s - o le f  in .
C. Synthetic Work.
The synthetic work reported in th is  section  are new synthesis
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methods or those in which conditions were iitqproved.
1. Synthesis of Medium Ring Acids.
Carbonations of medium ring cycloalhylmagnesium bromides were
UOreported to  give 0 to  18% y ie ld s  of the corresponding ac id s. The use
of ultra-pure magnesium metal and a 3.8 molar ra tio  of ether to  bromide
29resu lted  in major sid e reaction s. The use of ordinary magnesium turn-
29ings and a high molar r a tio  of ether to  bromide improved the y ie ld . 
Cycloalkyl chlorides and magnesium turnings in  anhydrous ether with a 
molar r a tio  of ether to  chloride of 20 to  33 were shown in  these inves­
tig a tio n s to  give y ie ld s  up to  68%.
The preparation of cycloalhyl chlorides is  much easier since  
the pure cycloalkenes and eyeloalkanes have become commercially ava il­
a b le .^  A procedure modified after a B r itish  p a ten t^  was chosenj 
anhydrous hydrogen chloride was slowly added to an o le f  in-benzene solu­
tio n  with anhydrous zinc chloride c a ta ly s t. Addition was conqplete to  
cyclooctene in 5 hours but cyclodecene took considerably longer. The 
y ie ld s  obtained were 92 and 88$ , resp ectively , from cyclooctene and 
cyclodecene.
Another source of cyclodecyl chloride that appears promising is
the d irect chlorination of cyclodecane. On a small sc a le , a y~>% y ie ld
of the monochloride was obtained in one hour at room temperature by
passing dry chlorine through the pure, dry cyclodecane. The unreacted
cyclodecane was recovered and very small amounts of dichloride ( le s s
than 10$) was obtained.
The medium ring acids containing an odd number of ring-carbons
were prepared from even numbered cycloalkenes. The f i r s t  step involved
U3hydroboration of the o le f in  to  the a lcohol. Oxidation to  the ketone, 
halogenation and Favorskii rearrangement of the 2-haloketone gave the
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acid . Conversions of cycloalkanols to  ketones were accomplished in 
highest y ie ld s  (8$~9$%) by the use of stoichiom etric amounts of sodium 
dichromate dihydrate and alcohol with about 0 .9  equivalent of su lfuric  
acid .
N itration of cyclodecane followed by the Nef reaction to  ketone 
proved dissappointing. Overall y ie ld  of the ketone from the cycloa l-  
kane was only 20%,
Halogenation of the c y c lic  ketones presented a d ifferen t problem. 
N-bromosuccinimide,^ 4 cupric bromide^ and elemental bromide^ a l l  gave 
good y ie ld s  of the corresponding 2-braraocycloalkanone. Reaction of N- 
bromosuccinimide was hard to  co n tro l^  and the cupric bromide reaction  
involved more time and expense than d irect bromination with bromine.
For d irect bromination, the bromine color acted as an indicator to  t e l l  
the extent of the reaction  and a high y ie ld  of acid was obtained with­
out p u rifica tion  of the intermediate bromoketone.■ The mixed solvent 
system (carbon tetrach loride and enough water to  make 3N hydrogen bro­
mide) resolved ary inconvenience of hydrogen bromide evolution n ic e ly .
The over a l l  y ie ld  of acid from the o le f in  was better than j?0%,
2 . Cyclononadiene Synthesis
The reduction of 9,9~dibromobicyclo(j5.1.o]nonane^ proceeds read i-
ii9ly  to  1,2-cyclononadiene^ with methyllithiura or magnesium under Grignard
‘dOconditions. The allene can then be hydrogenated to  c i s - cvclononene. 
Cyclononanone can be made by hydroboration followed by oxidation with
sodium dichromate. The magnesium reduction was preferred by the author 
since i t  required le s s  time and chemicals to  complete the reaction . A 
side product that was not mentioned in the above reference was obtained 
in 8 to  10% y ie ld  in  each preparation by the author. The id en tity  proved 
to  be b icy c lo [6 . 1. 0 jnonane.
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Two reaction  paths were postulated for i t s  presences a) two atoms 
of magnesium react to  give a di«Grignard reagent.
Br MgBr
_ / -----------^ m c j ^V—y \__/  v —/
or b) an active  hydrogen donor could attack the mono-Grignard reagent 
before elim ination of magnesium bromide and subsequent rearrangement.
H
HXBr / ^ x r Bv< y  +XMgBr
H
Br Mg
H
MgBr
i f
1^0
Di-Grignard reagents from 1 ,2 - and 1 ,3 -d ih a lid es are unstable
£1
and elim inate and form cyclopropanes resp ectively .-' Di-Grignard reag­
ents from 1, 1-d ih a lid es have never been prepared so the f i r s t  scheme 
above i s  un likely . However, carbonation prior to  hydrolysis could d is­
tingu ish  between the two proposed paths. The f i r s t  path would give a 
dicarboxylic acid and the la tter  giving a monocarboxylic ac id . Carbona­
tio n  of the Grignard reagent did give a small amount of acid (3$ ). 
Attenqpts to  purify the acid by recry sta liza tio n  proved f r u i t le s s .  I t  
appeared that the acid was a pair of geometric isomers, qu ite possib ly  
the syn- and anti~b icy c lo f6 .1 .Olnonane-9-carboxy 1 ic  a c id s . Carbon- 
hydrogen analysis of the so lid  acid, "mixture11 showed r e su lts  in good 
agreement for the mono-carboxylic a c id . The apparent fa ilu r e  to  obtain
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a pure cry sta llin e  m aterial i s  attributed to  the presence of a pair of 
geometrical isomers.
D. Id en tifica tion  of Hydrocarbon Products
The material balance of each run was determined by the separa­
tio n  of th e  reaction products into four fraction s: (a) recovered acid , 
(b) hydrocarbon fra c tio n , (c) alcohol fraction  and (d) ester  fra c tio n . 
The to ta l  number of moles of the above products divided by the moles of 
starting m aterials was the to ta l  m aterial balance.
The hydrocarbon fraction  was analysed by vapor phase chromato­
graphy ( v .p .c . ) .  The id en tity  of each component was established by the  
introduction of an authentic sample and noting the enlargement of that 
peak on the chromatogram.
For example, the hydrocarbon fraction  from the e le c tr o ly s is  of 
cycloheptanecarboxylie acid contained 12% norcarane and 87% cyclohep- 
ten e . A small sample of the hydrocarbon mixture, about 10 / i l . ,  was 
placed in a melting point tube by the use of a chromatographic syringe. 
The addition of 1 u l. of norcarane, followed by mixing (loading and 
ejectio n  of syringe), would give a chromatogram showing approximately 
20% norcarane. This same solu tion  would be analysed in another column 
or at a d ifferent temperature to  e sta b lish  the fa c t  that the unknown 
component and the authentic sample were not separable and therefore  
probably the same compound.
The preparation of authentic samples of the o le fin s  was sim ple. 
Dehydration of cycloheptanol with 80$ phosphoric acid read ily  produced 
cycloheptene in a good y ie ld . Cyclooctene and a mixture of c i s -  and 
trans-cyclodecene were commercially ava ilab le . Gardner *s method^ was 
used to  prepare c is - cyclononene from cyclooctene. Trans-cyclononene
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was id en tified  by the infrared spectrum of the hydrocarbon fraction
from the nine-membered ring acid .
The b icy c lo [x .l.o ]a lk a n es were prepared by methylenation of the
corresponding c is - cycloalkenes with methylene iodide and zinc-copper 
52cotp le in ether.
The other bicycloalkanes were prepared by the decomposition of
the tosylhydrazones in diglyme^4, or ethylene g l y c o l * ^ .  The mixtures
obtained were not separated into the pure components but were used as
obtained. Published id en tifica tio n s were accepted.
C is- and tran s-decalin were separated, v ia  a preparative gas 
53chromatograph, from a commercial saitple of decahydronaphthalene.
B icyclojji.2 .ojoctane was prepared by the photo-isom erization of
o
1 ,3-cyclooctadiene in a Rayonette photochemical reactor with 2537 A 
source."^ The resu ltin g  bicycloQ j..2.0]oct-7-ene was hydrogenated to  
the bicycloalkane in a low pressure Paar hydrogenator u t iliz in g  5% 
platinum on carbon c a ta ly s t.
E. Electrode Studies
An examination of Table 1 shows that reasonable current e f f i c i ­
encies were encountered in the e le c tr o ly s is  of the medium ring acids 
with a graphite anode. The expected carbonium ion was indeed obtained 
as evidenced by other data above. Two changes in the e le c tr o ly t ic  c e l l  
were tr ie d . The f i r s t  was the use of a 1.25 inch circu lar copper cath­
ode to  provide for a uniform f ie ld  and therefore a uniform current den­
s i t y .  The second change was su bstitu tion  of a platinum anode for the 
graphite anode with the intent of establish ing i f  ary mechanistic changes 
were associated with the electrode conqoosition (ca ta ly tic  a c t iv ity ) .
The change in electrode rearrangement produced very l i t t l e
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product and e ffic ien cy  changes (Expts. 6, 7, 8 and 9} Table 1). The
sim ilar resu lts  obtained by the two d ifferent electrode arrangements
should perhaps have been expected based on the follow ing information.
55
The current density was shown to  a ffec t the ethane e ffic ien cy  in the 
e le c tr o ly s is  of 20$ potassium acetate with platinum electrodes. For 
example, a current density of O.Olj., 0 .3  and Jj. gave ethane e ff ic ie n c ie s  
of 28, 81 and 88$ , resp ectively . A cetate-acetic  acid ra tio  had l i t t l e  
e ffe c t  on the e le c tr o ly s is . Ratios from pure acetic  acid to pure ace­
ta te  gave^ ethane e ff ic ie n c ie s  from 67 to  77$. Therefore the variation  
in current density caused by a non-uniform f ie ld  would not be expected 
to  give much d ifferent r e su lts .
The su bstitu tion  of a platinum anode for graphite resu lted  in 
a sharp decrease in the current e ffic ien cy  and elim ination fraction .
For the ten-membered ring acid the current e ffic ien cy  (51 and 1*2$ with 
a carbon anode and the two d ifferent copper cathodes) dropped to 7% with 
a platinum anode. The hydrocarbon fraction  remained the same but the 
elim ination fraction  decreased from 0.55 and 0.31 with carbon anodes to
0.15 and 0 . 2U with platinum anodes.
F. Nuclear Magnetic Resonance Spectra of cis-BicycloCx. l.o la lkanes
The nuclear magnetic resonance (n .m .r.) spectra of some c is -
b icyclo [x . l .o j  alkanes (X “ 2 to 8 and 10, Table 7) show some interesting
chemical sh ift  p osition s for the cyclopropane CH2 protons as the size  of
the larger ring increases (Table 7) . I t  appears that the syn-proton
(Ha) experiences a decided shielding e ffec t causing the chemical sh ift
p osition  to  appear at higher f ie ld  position s as the s ize  of the larger
ring increases. The normal chemical sh ift  (tetram ethylsilane “ 0 p.p.m .)
57
p osition  for cyclopropane derivatives is  about -0 .2  p.p.m. Table 7
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shows the chemical sh if t  p osition  up-field  as far as 0 ,$  p.p.m. for the 
ten-membered ring derivative. The a n ti-proton i s  deshielded from the 
regular cyclopropane p osition  to  approximately the same degree although 
the exact p osition  i s  d if f ic u lt  to  specify  because the sign a l i s  mixed 
with those of the bridgehead and other hydrogens.
This shielding-deshieIding e ffe c t  could be the resu lt of an a l i ­
phatic ring current. This reasoning prompted the synthesis o f the cyclo- 
pentane derivative to  asses the importance of ring p lanarity for sh ield­
ing e ffe c t  and the a lip h atic  ring current. The r e su lts  indicate that 
r e la tiv e  p lanarity i s  not inportant since b icy c lo [3 . l.O}hexane gave a 
chemical s h if t  p osition  for Hq at the normal cyclopropane p o sitio n . B i-  
cyclo[2.1.0jpentane (Table 7) showed methylene absorption the fartherest 
down-f ield."^
Perhaps the syn-proton is  shielded by proximal methylene groups, 
and the proximity i s  a function of ring s iz e . This explanation however 
does not account for the deshielding of the a n ti-proton.
A very in teresting  problem pertinent to  these considerations was 
reported^  concerning the electron ic  structure of the homotropylium 
cation , prepared by protonation of cyc loocta te traen e .^
The n.m .r. spectrum of the cation displays absorptions at -8 .6 , -6 .6 , 
-5 .2  and 0.6 p.p.m. (areas 5*2:1:1) which can be assigned to  the f iv e  
protons on Cg to  C^,
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Table 7
NMR Chemical S h ift P osition  of Cyclopropane 
Protons in c is - b ic y c lo fx .l . o j alkanes.
B icyclo-
c
Hc
Chemical S h if t ,3
alkane Ha
2.1 .0b -0.it -0 .7
3 .1 .0 ° -0.02 -0 .21
i t . i .o d -0.02 (-0.U)
5 .1 .0 (0 -0 . i ) e —
6.1 .0 0.3 (-0.it)
7 .1 .0 o.U (-0.it)
8 .1 .0 o.5 (-0 .5 )
10.1.0 0.37 (-0.it)
(a) Center of s ig n a l, in ppm, r e la tiv e  to  internal tetram ethylsilane. 
Figures in parentheses are estim ates of maximum qpfield p osition s of 
s ig n a ls , (b) Reference 58. (c) Apparent coupling constants:
Jab it .5 -5 .0 , it .5 , Jgc 7.5* (d) Apparent coupling constants:
A^B Jjfc U .5. (e) Maximum upfield sign a l (in  ppm) i s  -0 .1  for
b icy c lo [5 .1 .0 jo ct-3 -en e , 0 .0  for b icyclo [5 .1 .o ] oct-2-ene and for c i s -  
and tran s-tr icy c lo  f6.1 .0 .Q?3^Inonane. and +0.1 for tr ic y c lo [ 6 .1 .0 .0 *  
nonanej See Reference 59*
31
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the two equivalent protons and H ,^ and protons and HQ, respective­
ly . The authors suggest and give evidence for the presence of a ring 
current in the molecule which i s  prim arily responsible for the extra­
ordinarily large difference in chemical s h if t s  (5 .8  p.p.m .) between the 
two protons Hq and H ,^ the largest chemical sh if t  d ifference reported 
for two protons attached to  the same proton.
Thus i t  appears that an a lip h atic  ring current may be operating 
for the larger rings and, apparently, the s iz e  of the ring is  more im­
portant for an a lip h a tic  ring current than planarity  of the r in g .
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CHAPTER II I  
EXPERIMENTAL
A, Preparation of Cycloheptane- and Cyclononanecarboxylie Acids
1. Preparation of Cyclononanecarboxylie A cid ^
a. Preparation of Cyclodecanol
Hydroboration^ of c is-cy lod ecen e^  was performed by the drop- 
wise addition of 35>.5 g . (0.25 mole) of boron tr iflo u r id e  etherate to  
a so lu tion  of 69 g. (0 .5  mole) of cyclodecene and 7*0 g . (0.188 mole) 
of sodium borohydride in 1 1. of diglyme at 0 ° . The mixture was stirred  
for O.  ^ hour and then oxidized by the addition of 50 ml. of 3M sodium 
hydroxide (0.15 mole) and 68 g. (0 .6  mole) of 30$ hydrogen peroxide at 
25° with stirr in g  and cooling. The mixture was extracted four times 
with 100 ml. portions of petroleum ether, and the combined extracts  
were washed with f iv e  100 ml. portions of water. The solvent was re­
moved by rotary evaporation, and the residue was d is t i l le d  at reduced 
pressure to  give U0.9 g. (69$) of cyclodecanolj b .p . 870 (1.2 mm.)
( l i t b . p .  125 (12 mm.)).
b . Preparation of Cyclodecanone
This oxidation was carried out by the addition, a l l  at once, of 
U0.9 g* (0.262 mole) of cyclodecanol in 100 ml. of 50$ aqueous acetone 
to  a so lu tion  of 26.0 g . (0.088 mole) of sodium dichromate dihydrate 
and 35 g* (0.35 mole) of concentrated su lfu r ic  acid in 150 ml. of water. 
The temperature was controlled at 50 to 55° by the addition of ice and 
the mixture was stirred  for an additional hour at the same temperature.
33
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The mixture was diluted with lf?0 ml. of water and extracted three times 
with 100 ml. portions of petroleum ether, and the combined extracts 
were washed with water. After the so lu tion  had been dried with anhy­
drous magnesium su lfa te , the solvent was removed by a rotary evaporator 
to  leave 32.6 g . (81$) of cyclodecanone. The ketone was used without 
further p u rifica tion .
c .  Bromination of Cyclodecanone^
A mixture of 25.6 g. (0.166 mole) of cyclodecanone, 60 ml. of 
carbon tetrach loride, and 90 ml. of water was brought to  reflu x  in a 500 
m l., 3~necked f la sh . A solution of 26.5 g. (0.166 mole) of bromine in  
30 ml. of carbon tetrach loride was added to  keep a constant reflux  while 
the reaction  mixture was irradiated with a 150-watt lig h t bulb. The 
bromine color dissipated step-w ise, apparently v ia  a free radical mech­
anism since bromination of cyclooctanone in  the presence of benzoyl 
peroxide gave sim ilar step-w ise bromine consumption. The mixture was 
diluted with 100 ml. of solvent and washed with water u n til neutral.
The so lu tion  was dried and the solvent was removed at reduced pressure 
to  leave 39 g . of 2-bromocyclodecanone (approximately 100$)5 infrared 
absorption, 1712 cm7  ^ ( l i t . ^  1712 cmT^). The bromoketone was used 
d irec tly  in the next step without further p u rifica tion .
d. Cyc lononanecarboxy l ie  Acid Via Favorskii Reaction
A solution of 39 g. (0.166 mole) of 2-bromocyclodecanone was 
added in one hour to  a solu tion  of 12 g . (0.52 g. atom) of sodium in 
200 ml. of methanol at -20°. The so lu tion  was stirred  at -20° for one- 
h a lf hour, allowed to  warm to room tenperature in two hours, and f in a l ly  
heated to  reflux  for one hour. After the addition of a solu tion  of 30 
g . of potassium hydroxide in 75 ml. of water, the mixture was refluxed
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for three hours. The alkaline solution  was washed with petroleum ether, 
a c id ified  w ith concentrated hydrochloric acid and extracted with f iv e  
75 ml. portions of petroleum ether. The combined extracts were dried, 
concentrated by rotary evaporation, and f in a l ly  d is t i l le d  at reduced 
pressure to  give 19.5 g . (69$) cyclononanecarboxylic acid; b .p . 118° 
(0.15 mm.), ( l i t . 1^  b .p . 13)+- 115 (0 .1  mm.)).
2. Preparation of Cycloheptanecarboxylic Acid
a . Preparation of Cyclooctanone
A solu tion  of 1+0 g. (0.13 mole) of sodium dichromate dihydrate 
and 20 ml. (0.35 mole) of su lfuric  acid in 200 ml. of water was added to
£ p
50 g. (0.391 mole) of cyclooctanol in  75 ml. of water at once with 
good s t ir r in g . The temperature was controlled a t 50 to  55° hy the addi­
tio n  of small amounts of ic e , and the so lu tion  was stirred  at the same 
temperature for one hour, diluted with 300 ml. of water, and extracted 
with three 125-ml. portions of petroleum ether. The combined extracts  
were washed with water u n til neutral, concentrated by rotary evaporation, 
and d is t i l le d  at reduced pressure to  give 1+5.7 g . (93$) of cyclooctanone 
b .p . 68 (1+8 mm.), ( l i t . ^  b .p . 115 (60 mm.)). In other preparations
y ie ld s  as low as 77$ were obtained.
b . 2-br omocyclooctanone
A so lu tion  of 20.2 g. (0.16 mole) of cyclooctanone in 25 ml. of 
chloroform was slowiy added to  a refluxing slurry of 75 g. (0.32 mole) 
of cupric bromide in 100 ml. of chloroform and 125 ml. of ethyl ace-
1+5ta te . After a 20 min. induction period, the black cupric bromide 
turned green and hydrogen bromide began to  evolve. The mixture was 
stirred  for two hours, the white cuprous bromide was f i lte r e d  o f f ,  and 
the solvent was removed with a rotary evaporator. There was obtained 
33 g . (approx. 100%) of crude 2-br omocyc looctanone, which was used
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without further p u rifica tion  in the next step.
Bromination of the above ketone with N-bromos.uccinimide was hard 
to  control; e .g . ,  in one experiment a sudden exotherm blew the condenser 
to  the roof of the hood.
Good success was obtained by d irect bromine addition with or 
without benzoyl peroxide in water-carbon tetrach loride suspensions and 
irradiation  of the mixture with an ordinary 150-watt lig h t bulb. Direct 
chlorination was sluggish and lacked the color of the bromine to  indi­
cate the extent of the reaction .
The color-indicator properties of the bromine reagent along with 
the ease of manipulation make d irect bromination the preferred method for
2-halocycloalkanone preparation.
c . Preparation of Cycloheptanecarboxylic Acid 
A solu tion  of 73.6 g . (0.358 mole) of 2-bromocyclooctane in 
50 ml. methanol was added to  a so lu tion  of 15 g . (0.65 g . atom) of metal­
l i c  sodium in 300 ml. of anhydrous methanol in one-half hour at -20°.
The mixture was stirred  for an additional hour at the same temperature, 
allowed to  warm to  room temperature over n ight, and f in a l ly  brought to  
reflu x  for one hour. A solu tion  of UO g. of potassium hydroxide in 100 
ml. of water was added, and the mixture was refluxed three hours and 
then diluted with A00 ml. of water. The neutral portion was extracted  
four times with petroleum ether and the organic phase was discarded. The 
aqueous phase was a c id ified  with concentrated hydrochloric acid and ex­
tracted  f iv e  times with 125 ml. portions of petroleum ether. The solvent 
was removed from the combined organic so lu tion , and the residue was d is­
t i l l e d  to  give 20.7 g» (UO )^ of cycloheptanecarboxylic acid; b .p . 88° 
(0.25 mm.), ( l i t . 1*0 b .p . 130-2°(l5 mm.)).
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B. Preparation of Cyclooctane- and Cyclodecanecarboxylic Acid
1. Preparation of Cyclooctanecarboxylic A cid^
a. Cyclooctyl Chloride^2
To a solution of 55.0 g. (0 .5  mole) of c i s - cvclooctene and £ .0
g. of zinc chloride in 200 ml. of benzene, one mole of dry hydrogen
chloride was added at room tengjerature with stirr in g ; protection from
atmospheric moisture was provided by a calcium chloride drying tube.
The hydrogen chloride addition was conqplete in f iv e  hours. The mixture
was decanted from the zinc chloride, washed f iv e  times with water, and
concentrated by rotary evaporation. D is t il la t io n  at reduced pressure
o 1x2gave 67.8 g . (92% of cycloocty l chloride; b .p . 60 (5 mm.), ( l i t .  b .p .
87-90° (19 mm.)). Anal. (S ) .66 Calcd. for CgH^Cls C, 6k .k;  H, 10.2. 
Found: C, 6U.2; H, 10.3.
b . Cyclooctanecarboxylic Acid
A 2 1. 3-necked f la sk  equipped with a s t ir r e r , ice-water conden­
ser , and nitrogen atmosphere was charged with 12.0 g. (0.5 g . atom) of 
magnesium turnings and 300 ml. of ether. A solution of 56.5  g. (0.38 
mole) of cyclooctyl chloride in 1200 ml. of ether was added in 5 hours.
The resu lting  Grignard reagent was forced, under nitrogen pressure, 
through a f i l t e r  s t ic k  into a large erlenmeyer flask  containing excess 
so lid  carbon dioxide. The transfer was congjleted in about 20 minutes. 
After the mixture had been stirred  w e ll and allowed to warm up over n ight, 
i t  was a c id ified  with hydrochloric acid . The layers were separated and 
the aqueous layer was extracted twice with ether. The combined extracts 
were treated with excess 5% potassium hydroxide so lu tion . The resu lting  
ether solution  was set aside for an a ly tica l determination of i t s  con­
stitu e n ts . After ether washing, the potassium carboxylate solution  was 
acid ified  and extracted with petroleum ether. The solvent was removed,
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and the crude cyclooctanecarboxylic acid was d is t i l le d  at reduced pres­
sure. There was obtained 26.3 g. (Uh%) of cyclooctanecarboxylic acid;
b .p . 108 (0.12 ram.), ( l i t . ^  b .p . 150 (19 mm.) and^ 11*2- 5° (11 mm.))
The neutral portion of th is  reaction  was found by v . p. c . anal­
y s is  to  contain cyclooctane (12$), cyclooctene (12$), a trace of b icyclo -  
[3.3«Ojoctane and b icycloocty l (15$). Preparations of authentic samples 
for the above analysis are described in later sectio n s.
2 . Preparation of Cyclodecanecarboxylic Acid
a. Cyclodecyl Chloride
A mixture of 70.1 g. (0.508 mole) of cyclodecene, 200 g. of 
benzene and 5-6 g . of anhydrous zinc chloride was placed in a 500 m l.,
3-necked f la sk  equipped with a s t ir r e r , condenser and gas bubbler. Dry 
hydrogen chloride was generated by dropping concentrated hydrochloric 
acid into 98$ su lfuric  acid and scrubbing out the residual moisture with 
a su lfu ric  acid trap. The dry hydrogen chloride was passed through the 
blibbler tube into the reaction  f la sk . The f la sk  was protected from at­
mospheric moisture by a calcium chloride drying tube. The only indica­
tion  of reaction  at room temperature was that the so lid  (zinc chloride) 
began to turn brown. After 30 minutes of slow addition of gas, the re­
action temperature was 35°. The contents of the fla sk  were stirred  and 
le f t  under a hydrogen chloride atmosphere over the weekend.
The mixture was diluted with 200 ml. of petroleum ether and 
washed several times with water to get r id  of traces of zinc chloride 
and acid . After the organic layer had been dried over magnesium su lfa te , 
the solvent was removed. D is t i l la t io n  at reduced pressure gave about 3 
g. of cyclodecene and 78.8 g . (88$) of chlorocyclodecane; b .p . 58- 58.5  
(0.12 mm.); n ^  l.i*900.
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b . Cyclodecyl Chloride from Cyclodecane
For one hour, dry chlorine gas was bubbled through 20.0 g . (O.llj.3 
mole) of cyclodecane irradiated with a 150-watt lig h t bulb. The mixture 
was diluted with 100 ml. petroleum ether and washed with water u n til neu­
t r a l .  D is t i l la t io n  after solvent removal gave 8.8 g . {3$%) of chloro-
o 2^cyclodecane; b .p . 82 (2 .0  mm.), n  ^ 1.U900. Anal. (S ). Calcd. for
C10H19C1: 68.7k} H, 10.96. Found: C, 68.75j H, 10.97-
The y ie ld  of dichlorocyclodecane was estimated by y.p.C . to  be
le ss  than 10$.
3 . Preparation of Cyclodecanecarboxylie Acid
A small iodine crysta l and 1 ml. of methyl iodide was used to  
activate 12.2 g . (0 .5  g . atom) of magnesium turnings in 100 ml. of anhy­
drous ether in a 2 1 .,  3-necked fla sk  protected with a n it gen atmos­
phere and calcium c h lo r id e -filled  drying tube. A solu tion  of 78.5 g* 
(0.U3 mole) of cyclodecyl chloride in 1500 ml. of ether was added in 5 
hours. The contents of the f la sk  were forced backwards, by means of 
nitrogen pressure, through the bubbler tube into a 1+ 1. erlenmeyer f la sk  
containing excess so ild  carbon dioxide. The acid was worked up as in 
the previous section . D is t il la t io n  at reduced pressure gave 5?-»3 g. 
(66.5$) of cyclodecanecarboxylic acid; b .p . 122 to  123° (0.11 mm.).
The acid solowly cry sta llized  on standing at room temperature; m.p. 53°, 
l i t .^ °  m.p. 53°. The infrared spectrum was that expected for such an 
acid . Standard t e s t s  for unsaturation were negative. The methyl ester  
made by dissolving the acid in methanol and adding a drop of boron t r i ­
fluoride etherate gave a sin g le  v .p .c . peak.
C. Preparation of cis-B icyclo[X . 1 .Ojalkanes
1. Preparation of c i  s-B icyc lo Hi. 1 ♦ 0~1 hept ane~^
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doThe preparation of norcarane^ is  described in Organic Syntheses 
and th is  procedure was used for the synthesis of the bicycloalkanes in  
th is  section .
A mixture of 16.4 g. (0.26 mole) of zinc-copper cou p le^  and 200 
ml. of anhydrous ether was placed in  a 500 ml. f la sk  previously flushed  
with nitrogen. Several crysta ls of iodine were added to  activate  the  
ca ta ly st. After the iodine color d issipated , a solu tion  of 20 g. (0.214* 
mole) of cyclohexene and 67 g . (0.25 mole) of methylene iodide was added 
a l l  at once. The mixture was stirred  and refluxed over n igh t.
The product was worked up by adding 75 ml. of petroleum ether 
and washing out the zinc iodide with saturated ammonium chloride or 3% 
hydrochloric acid , hydrochloric acid appeared to have the preferred  
distribu tion  c o e ff ic ie n t . The organic phase was washed tw ice with potas­
sium carbonate or sodium hydroxide and twice with water. The solvent 
was removed by rotary evaporation and the residue was d is t i l le d  to  give  
10 g . (h3%) of £ ls -b  icyc lo [l* .l.o ] heptane; b .p . 115°, nj^ 1.4549. lit.^ %
b .p . 116 to  117°, nj^ 1.4546. Anal. (G).66 Calcd. for C? H ^j C, 87.42*
H, 12.53. Found: C, 87.50* H, 12.70. The infrared spectrum showed OH
68absorption at 3 .2 ^ ,  which is  ch aracteristic  o f cyclopropanes.
The n.m .r. spectrum could be divided into 4 areas: 0.02 p.p.m.
(1 proton) s p l it  tr ip le t*  -0 .3  to  - 1.05 p.p.m. (3 protons) unresolved 
m ultip let, -1 .2  p.p.m. (4 protons) ’' t r ip le t - l ik e ” m ultip let and -1 .5  to  
-2 .2  p.p.m. (4 protons) unresolved m u ltip let. I t  appears that the la s t  
two peaks (4 protons each) are the equatorial and ax ia l protons of the 
cyclohexane r in g . The 3-#?°ton absortion peak represents the bridge­
head hydrogens plus the a n ti-hydrogen, and the 1-proton peak i s  caused by 
the syn-hydrogen of the cyclopropane r in g . The assignment of the syn- and 
anti-hydrogens i s  based on the assumption that the ring i s  causing some
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kind of shielding e f fe c t .  In th is  confound the geminal coupling con­
stan t, J^g, i s  3 .7  cps. (unexpectedly small) and the coupliiag with the
bridgehead hydrogens, H , gave the constant J •> lu3 cps.c
2. Preparation of B icyclo[ 3 . l .o ] hexane
The preparation of t h is  bicyclohexane was conducted in a manner 
sim ilar to  the above preparation. A solu tion  of 31.0 g. (0.3UU mole) 
of cyclopentene and 13k g . (0 .3  mole) of methylene iodide in 100 ml. of 
ether was added at once to  33 g. (0*33 mole) of zinc-copper couple in 
130 ml. of ether a fter  activation  with iodine c ry sta ls . The product 
was worked up and d is t i l le d  to obtain 23 g. of crude m aterial. This pro­
duct was carefu lly  fractionated to  give a center cut of 8 .0  g . of about 
S$% b ic y c lo (3 . l . o ) hexane, b .p . 79°• L i t .^  b .p . 81-82°. Anal. (G). 
Calcd. for C6 H1Qs C, 87.7k} H, 12. 27. Found: C, 87-375 H, 12.13.
The infrared spectrum showed C-H absorption at 3 .28 , 3*32, 3.33* 3-i+0 
and 3 .31 microns.
The n.m .r. spectrum of b icyclo  [3. l.ojhexane is  very complex and 
without decoupling experiments the complete understanding of the spect­
rum is  im possible. However, the cyclopropane geminal hydrogen absorp­
tion s can be assigned and coupling constants between the bridgehead 
hydrogens and the tvo  geminal hydrogens have been ten ta tiv e ly  assigned 
(Figure 2 ).
Four general peaks were observed: -0 .1  p.p.m. (2 protons on
cyclopropane geminal p o sitio n s) two s p l i t  t r ip le t s ,  -1 .0  to -1 .3  p.p.m.
(I; protons) unresolved m u ltip let, -1 .6  p.p.m. (2 protons) " singlet-like"  
m u ltip let, and -1 .7  p.p.m. (2 protons) unresolved m ultip let.
The two cyclopropane hydrogens should couple with each other to  
give two doublet sign als of d ifferen t chemical s h i f t .  The two identi­
ca l bridgehead protons should s p l it  each peak of the doublet into a
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Analysis of AB Portion of the NMR 
Spectrum of B i cyc lo [3. l.o] hexane
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t r ip le t .  This gives a to ta l  of 12 peaks but only 9 could be d is tin ­
guished, However, by a t r ia l  and error process, i t  was shown that the 
observed peaks can accommodate th is  m u ltip lic ity  (Figure 2 ).
The integrated area of the right-hand four peaks was equivalent 
to  exactly one proton and the other f iv e  to  an area for exactly  one pro­
ton which strengthens th is  argument.
The chemical sh ift  of the bridgehead hydrogens (H ) cannot bec
assigned without further work. Protons H would couple with the otherc
protons and (anti to  cyclopropane ring) as w e ll as Ha and 
to  give a broad complex m ultip let. The m u ltip lic ity  of the signals at 
-1 ,7  and -1 ,6  p.p.m. are not that complex. The only signal le f t  is  at 
-1 .0  t o -1.5 p .p .m ., up f ie ld  from the ring hydrogens, where about eleven  
sawtooth peaks are shown.
3. Preparation of B icy c lo (8 .l.o ] undecane
The procedure was e sse n tia lly  the same that was used for norca- 
r a n e .^  The starting m aterials were 26.2 g. (O.l* mole) of zinc-copper 
couple, 69 g . (0.26 mole) of methylene iodide and 3U.5 g . (0.25 mole) of 
78$ c i s - cyclodecene (the remainder was 2,2$ trans-cyclodecene and cy- 
clodecadienes). After the product was worked up, a v .p .c .  analysis 
indicated the reaction  had proceeded to about 60$ with considerable 
amounts of tricyclododecanes resu lting  from the addition of 2 moles of 
methylene iodide to the diene contaminants in the cyclodecene sample. 
However, carefu l fractionation  provided a 5 g . center cut of 85$ b icy­
c lo  [8 .1 .o]undecane; b .p . 76 to 77° (5*5 mm.) nj^ 1.U786. Anal. (G). 
Calcd. for Cn H20: C, 86. 76; H, 13.2iu Found: C, 86. 8J4; H, 13.17.
The infrared spectrum showed C-H absorption at 3 .25 , 3»355 3*h2 
and 3.1+8 microns. The n.m .r. spectrum showed It absorption peaks: 0.5  
p.p.m. (1 proton) broad unresolved m ultiplet; -0 .6  p.p.m. (3 .if protons)
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sin g le t; -1 .3  t o -1.7 p.p.m. (12.6 protons) unresolved m ultip let; and 
-1 .9  p.p.m. (3 protons) unresolved m ultip let.
U. Preparation of B icyclo£7 . l.p]decane
The reaction  was carried out in a 500 m l.-fla sk  in the same way 
as that previously described. The starting m aterials consisted of 10.0 
g. (0.081 mole) of cis-cyclononene, 22,8 g . (0.085 mole) of methylene 
iodide and g . (0.09 mole) of zinc-copper couple in 100 ml. of ethyl 
ether. D is t i l la t io n  of the crude product at reduced pressure gave 6 .0  
g . (5b%) of b icyc lo [j.l.oJd ecan e , b .p . 83 to 81;° (16 mm.) n^4, 1,U7^0. 
Anal. (G). Calcd. for C1Q H ^: C, 86.90; H, 13.10. Found: C, 87.05j 
H, 13.00.
The infrared spectrum indicated the presence of the bridgehead 
hydrogens by an absorption peak at 3 . 25, 3 .3$, 3.U2 and 3.i;8 microns.
The n.m .r. spectrum contained U peaks: O.k p.p.m. (1 proton) unresolved
m ultip let, -0 .6  p.p.m. (U.U protons) unresolved quartet, -1 .6  p.p.m. 
(12.6 protons) a sharp s in g le t super imposed on a broad m ultip let, and 
-1 .8  to  -2 .2  (2 protons) broad m ultip let.
5 . Preparation of B icyc lo (6 .l.ojnonane2^
The reaction  was carried out in a manner previously described. 
The starting m aterials were 33 g . (0.3 mole) of c i s - cyclooctene, 99 g. 
(0.32 mole) of methylene iodide and 23 g . (0.35 mole of zinc-copper 
couple in lj.00 ml. of ethyl ether. D is t i l la t io n  of the crude product at 
reduced pressure gave 26 g. (70$) of bicyclo[6.1.o]nonane; b .p . 71 to  
71.5° (26 mm.) n2'* 1.1+682; l i t . 2^; b .p . 1|3° (8 mm.), n ^  1.1+622. Anal. 
(G). Calcd. for CpHl6 : C, 87. 06; H, 22.9k* Found: C, 86.81; H, 13.22.
The infrared spectrum showed C-H absorption at 3 .28 , 3 .36, 3.UU 
and 3.52yA. The n.m .r. spectrum contained 5 peaks: 0.32 p.p.m. (1
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proton) a " tr ip let-lik e"  m ultip let; -0 .58  p.m.m. (1* protons) unresolved 
m ultip let; - 0,98 p.p.m. (1 proton) unresolved m ultip let; -1 .5  p.p.m.
(8 protons) unresolved m ultip let; -1 .9  p.p.m. (1 .3  protons) unresolved 
m ultiplet and -2 .1  p.p.m. (0 .7  proton) unresolved m u ltip let.
6 . Preparation of B icy c lo [lO.l.o]tridecane
The reaction  was carried out in  a manner described in the pre­
vious section s. The startin g  m aterials consisted of 20 g. (0.12 mole) 
of a mixture of 59# tran s- and 1*1# c i s - cyclododecene, 35 g . (0.13 mole) 
of methylene iodide and 8.5 g . (0.13 mole) of zinc-copper couple in  
75-100 ml. of anhydrous ether. The induction period took two days of 
refluxing but the reaction was f in a l ly  started by the addition of more 
iodine cry sta ls . D is t i l la t io n  of the crude product gave 6 g. (28$) of 
a mixture of 65# trans- and 35# c i s -  b icyclo [lO .l.o jtr id ecan ce; b .p . 102 
-  106° (U.5 mm.), n ^  1.1*817. Anal. (S ). Calcd. for C ^H ^: C, 86.58;
H, 13.1*2. Found: C, 86.27; H, 13.31*. The la s t  ml. of th is  fraction  
was co llected  separately (106° at 1*.5 mm.) and analysis by v .p .c . showed 
equal portions of the c i s -  and tra n s-isomers.
The infrared specrum showed C-H absorption at 3 .28 , 3 .36, 3.1*1* 
and 3.51 microns. The n.m.r. spectrum of the 65/35 sample consisted of 
1* regions: ~ l.ll*  p.p.m. (19 + protons) unresolved m ultip let with broad
base 1.1* p.p.m. wide; -0 .5  p.p.m. (3.3 protons) broad unresolved m ulti­
p le t , -0 ,2  p.p.m. (1.1* protons) unresolved m u ltip let, and O.36 p.p.m.
(0 .3  proton) unresolved m u ltip let.
Although only 19 protons appear in the large peak (-1.1* p.p.m .) the 
20 proton appears to  be mixed with the bridgehead protons at -0 .5  p.p.m. 
The one-third proton at O.36 p.p.m. could be the syn-proton of the c is  
isomer and the a n ti-proton might be at the -0 .5  p.p.m. with the bridge­
head protons. The methylene hydrogens for the trans-isomer could be located
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at - 0.2 p.p.m . } the normal chemical sh ift  for cyclopropane hydrogens.
D. The Preparation of Cyclononanone
1. Dibromomethylene Addition*® to  c is -cyclooctene
A solution  of 180 g . (1.60 mole) of potassium tert-butoxide in  
1^00 ml. of ter t-b u ty l alcohol was prepared in a 3 l i t e r ,  3-necked f la sk  
equipped with a s t ir r e r , condenser, dropping funnel and a nitrogen at­
mosphere. The contents were cooled to  5° by an ice slurry. A solu­
tio n  of 1*95 g . (3 .0  mole) of cyclooctene and 399.5 g . ( 1.5 mole) of bro- 
moform was added in 5 hours at $ -  10°. The ice  bath was removed and 
the so lu tion  stirred  for 2 hours at room temperature. The solution was d i­
luted with 1500 ml. water and the organic layer was removed. The aque­
ous layer was extracted 1* times with 200 ml. portions of petroleum 
ether. The extracts were combined with the o r ig in a l organic phase, and 
the alcohol was removed by extracting 1* times with 500 ml. portions of 
water. After the solvent had been removed by rotary evaporation, the 
residue was d is t i l le d  at reduced pressure to  give 1*10 g . of cyclooctene 
and 227.1* g . (80.5$) of 9, 9-dibromobicyclo[6 . 1.o]nonane, b .p . 89° (0.3  
mm.), n ^  l.$508$ ( l i t . ^  b .p . 92-93° (0 .9m m .))j
2 . Reduction of 9,9-dibromobicyclo[6.1.0jnonane
a . Preparation of 1, 2-cyclononadiene
The reduction reaction  can be carried out su ccessfu lly  u tiliz in g  
methyllithium or magnesium metal under Grignard conditions. The la tter  
method gave s l ig h t ly  lower y ie ld s  and contained some bicyclojj6.1.0)nonane 
but the preparation was considerably simpler and was preferred over the 
former.
A 1000 m l., 3-necked f la sk  equipped for stirr in g  and cooling  
was charged with 30.0 g . (1.21* g. atom) of magnesium metal and 500 ml.
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of ether. The reaction was started with methyl iodide and iodine crys­
ta ls  under a nitrogen atmosphere. A solu tion  of 120 g. (O.U2£ mole) 
of 9 ,9-dibromobicyclo [6 ,1 . $ ]nonane and 100 ml. of eth y l ether was added 
in 2 hours. A magnesium bromide etherate layer began to separate in  
about 30 minutes. The mixture was stirred  30 minutes a fter  the addition  
was ccngjlete and hydrolysed w ith saturated ammonium ch lorid e . After 200 
ml. of pentane had been added, the magnesium bromide was removed by 
water washing. The solvent was removed from th e  organic so lu tion  and 
the residue was d is t i l le d  at reduced pressure to  give a mixture (b .p . 68 
to  72° (18 ram,)j l i t . ^  83-8U.f> (36 mm.)) shown by v .p .c .  analysis to  be 
23*3 g . (1*6$) of 1,2-cyclononadiene and U.8 (9$) of b icyclo(j6 .1 .6 ]nonane. 
The reten tion  time of the bicyclononane was id en tica l to  that obtained 
from the reaction of c i s - cyclooctene and methylene iodide in  eth y l ether 
with zinc-copper couple (temperatures of v .p .c . ,  60 and 75>°j v .p .c ,  
conducted with a 100 f t .  cap illary  column coated with GE-96 s i l ic o n e ) ,
b . Preparation o f B icyclo[6.1.0]nonane-9~carboxylic acid 
Another reduction of 9 ,9-dibromcbicyclo[6 ,1 ,0 ]nonane was per­
formed (u tiliz in g  0.35# mole of dibromide) in which, prior to  hydrolysis 
with saturated ammonium chloride so lu tion , the mixture was cooled to  2° 
and bone dry carbon dioxide was added slowly over the surface of the  
so lu tion . The temperature rose to  £-6° and remained steady for 20 
minutes, then dropped to  2° again. Wo p recip ita te  was observed but a 
carbon dioxide atmosphere was maintained for an hour. The mixture was 
hydrolyzed with hydrochloric acid and 200 ml. of pentane was added. 
The aqueous layer was extracted with 100 ml. pentane, and the combined 
organic phases were washed once with 200 ml. of water and then with 100 
ml. of $% sodium hydroxide so lu tion . The organic layer was worked up,
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and a mixture of 21.1 g . of 1,2-cyclononadiene and a small amount of 
bicyclo|6.1.o)nonane was obtained sim ilar to that above. The aqueous 
layer was ac id ified  with concentrated hydrochloric acid and extracted 3 
times with 75 ml. portions of petroleum e ith er . The extracts were com­
bined and the solvent removed to  give 3.2 g . (5.5$) of a so lid  acid; m.p. 
38 to  i£ ° .  The wide melting point range despite 3 recrysta lliza tion s  
indicates a mixture of perhaps syn- and an ti-b ieye lo [6 .1 .0jnonane-9- 
carboxylic acid . The infrared spectrum showed the d e fin ite  presence of 
the carboxylic acid functional group. Elemental analysis supported th is  
conclusion. Anal. (S) Calcd. for c iohi 6° 2 : c > 71.50; H, 9 .58. Found:
C, 71.60; H, 9 .29 .
3 . Hydrogenation of 1 ,2-cyclononadiene
A solu tion  of 30 g . (0 . 214.6 mole) of the eye lononad iene (not free  
of bicyclo[6.1.0]nonane) in 180 ml. of methanol and a pinch of 5$ pal­
ladium on carbon were placed in a low pressure Paar hydrogenator. After 
2 hours, the rate of pressure drop indicated the diene had been consumed 
( i . e . ,  the rate  of hydrogenation of c is - cyclononene is  slow compared to  
that of the d iene). The mixture was diluted with 100 ml. of petroleum 
ether, and the methanol was removed by extracting the organic phase 5 
times with 100 ml. portions of water. The solvent was removed, and the 
residue was d is t i l le d  at reduced pressure to  give 28.3 g . (93$) of c is -  
cyclononene; b .p . 69-71° (23 ram.) ( l i t . ^  b .p . 86-87° (50 mm.)).
lu Preparation of Cyclononanol
A solu tion  of I4O.O g . (0.322 mole) of c i s - cyc lononene and lu72 
g . (0.121 mole) of sodium borohydride in 100 ml. of diglyme was cooled 
to  10° in a £00 ml. f la sh . A solu tion  of 22.9 g* (0.161 mole) of boron 
tr iflou r id e-eth erate  in 50 ml. of diglyme was added in one-half hour. 
More solvent was required as the alhylborane produced was a so lid  and
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stirr in g  became d if f ic u lt .  After the addition was complete, the mixture 
was stirred  for an additional hour. The excess borohydride was destroyed 
by water, A solution  of 70 ml. (0.6 mole) of 30$ of hydrogen peroxide 
in 33 ml. of 10$ sodium hydroxide was added at 23°. The mixture was 
stirred  for one-half hour, diluted with 300 ml. of water and extracted 
3 times with f?0 ml. of petroleum ether. The diglyme was removed from the 
combined petroleum ether solu tion  by 3 water washes of 30 ml. each. The 
solvent was removed by rotary evaporation and the resid.ue d is t i l le d  at 
reduced pressue to give 32,2 g. (71$) of cyclononanol, b .p . 70° (0 ,6  mm.) 
( l i t . 63 b .p . 113° (17 mm.)).
3 . Preparation of cyclononanone
A solution of 12.6 g. (0.01*2 mole) of sodium dichromate dihydrate 
and 16.8 g, (0.168 mole) of su lfu ric  acid in 100 ml. of water was stirred  
in a 600 ml. beaker by a magnetic s t ir r e r . A slurry of 18.3 g. (0.129 
mole) of cyclononanol in  30 ml. of water was added at once and 
stirrin g  was continued rapidly. The temperature was controlled at 53° 
by the addition of ice as needed. The remainder of the alcohol was
washed into the beaker with 30 ml. acetone. Stirring was continued for
one hour. The mixture was extracted with f iv e  73 ml. portions of p etro l­
eum ether. The combined extracts were washed twice with water, dried 
over magnesium su lfa te  and concentrated to  give 18,0 g. {9%) of crude 
cyclononanone.
E. Preparation of Medium Ring Tosylhydrazones
1. Preparation of p-Toluenesulfonylhydrazide^6
Exactly 133 ml. of 83$ (2.22 moles) of hydrazine hydrate was
diluted with water (30 m l.) to  30$ hydrazine by weight and added, in 20
to  23 minutes at 10°, to  a solution of 200 g. (1.03 moles) of £-toluene~
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su lfonyl chloride in 30U ml. of tetrahydrofuran (THF) in a 1000 ml. f la sk  
cooled by an ice-water bath. The mixture was stirred  for 15 minutes, and 
the water layer was drawn o ff from a separatory funnel. The THF layer 
was washed twice with 60 ml. portions of saturated sodium chloride solu­
tio n  and dried over magnesium su lfa te . The so lu tion  was f ilte r e d  into 
a 2 1. f la sk . An equal volume of petroleum ether was added to the solu­
tio n  with vigorous s t ir r in g . The hydrazide immediately started to  pre­
c ip ita te , and the slurry was cooled over night in a refrigerator . The 
crysta ls  were f ilte r e d  by suction, washed with petroleum ether and air  
dried. The hydrazide was recrysta lized  from 50$ methanol to  give 16U g. 
(86$) of £-toluenesulfonylhydrazide (tosylhydrazide), m.p. 10U to 107°.
Equal molar quantities of cycloalkanone and tosylhydrazide were 
refluxed for 15 minutes in methanol (approximately 1;00 ml. per 0 .1  mole 
of ketone). A quantity of water equal to  80$ of the alcohol was added 
while the solution was hot. The solution  was set aside to  cool, and the 
tosylhydrazone was allowed to precip ita te  overnight. The crysta ls were 
f i lte r e d  by suction, washed with water and a ir-d ried . They were stored 
in a vacuum desicator for 2k hours over phosphorus pentoxide prior to  
use. For a l l  cy c lic  ketones, the reaction was found to  be e sse n tia lly  
quantitative.
( l i t . 70 m.p. 101-101*°)
27
2 . Preparation of Cycloalkanone Tosylhydrozones
The following melting points were obtained:
cyclononanone
cyclodecanone
cyclooctanone
cyeioheptanone
tosylhydrazone, m.p.
li+3 -  lU5° 
139 -  lUl° 
133 -  13k° 
125 -  128°
L it.^ 7, m.p. 
-  31*6°,
mo -  mi°
135 -  136° 
137 -  138°
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F. Decomposition of p-toluenesulfonylhydrazones
271. Decomposition in Diglyme (Carbene. Intermediate) •
The decomposition of the medium ring tosylyhdrazones were car­
ried  out in aprotic medium (diglyme) by a procedure adapted from Freid- 
27man and Shechter.
In a 200 ml. round bottom f la sk , 1.2 equivalents of m etallic  
sodium were dissolved in excess anhydrous methanol. The excess methanol 
was removed v ia  a Buchi rotary solvent evaporatory. The tosylhydrazone 
and solvent diglyme were added to  the so lid  sodium methoxide and refluxed  
8 to  12 hours under a nitrogen atmosphere at 150 to 175° while the mix­
ture was stirred  m agnetically. The mixture was diluted with 1,$ times 
i t s  volume of water and extracted three times with small amounts of 
pentane. The solvent was removed and the bicycloalkane and o le fin  frac­
tion  was co llected  by d is t i l la t io n  at reduced pressure. The hydrocar­
bon mixture was analyzed by v .p .c .  on a Barber-Coleman chromatograph with 
a 100* cap illary  column coated with GE-96 s i l ic o n e . The r e su lts  are 
tabulated below:
Decomposition in Diglyme
tosylhydrazone b icycloalkane, % o le f in . %
fx .l.Q J [X.j.Cfl /X.I4..Q? trans- c is -
cycloheptanone 10 - 90
cyclooctanone 9 U6
cyclononanone 11 1+2 I4.7
cyclodecanone 62 18 6 Ij.
2 . Decomposition in  Ethylene Glycol (Cation Intermediate)^
These reactions were carried out in exactly  the same way as in
the previous section  except that ethylene g lyco l was u tiliz ed  as so lvent. 
This proton containing solvent promotes the formation of a diazonium
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26cation  which elim inates nitrogen to form the cycloalkyl ca tion s. The
r esu lts  are tabulated below:
Decomposition in Ethylene Glycol
tosylhydrazone bicycloalkane, % o le fin ,^
Hx.l.Oj [X.3 « CX.k.OLl tran s. c i s .
cycloheptanone 18 81
cyclooctanone 10 6 83
cyclononanone 2 2 12 8U
(cyclodecanone 0.2 0.0J? 30 70)
G. Separation of C is- and Trans-decalin
71The two components of a commercial sample of decahydronaphtha- 
lene were separated by preparative gas chromatography on an Aerograph 
Autoprep Model A-700 with a 10 f t .  x 3/8 in . column packed with carbowax 
on chromsorb P a t . 135° •
The le ss  v o la t i le  component, c is - bicyclo(U»U.O~l decane, as obtained 
was found to  contain only 3$ of the trans isomer by v .p .c .  a n a ly s is .
The n.m .r. spectrum showed two absorption peaks: -1 .6 0  p.p.m. (2 pro­
tons) a t a l l  unresolved m ultiplet and -l.ltU  p.p.m. (16 protons) a t a l l  
unresolved m u ltip let.
The le s s  v o la t ile  component, trans-bicyclo|~U.U.o1 decane, was 
obtained in e sse n tia lly  the pure form as analyzed by v .p .c .  methods.
The n.m .r. spectrum showed a broad absorption from -0 .7  to  -1 .9  p.p.m. 
with 5 maxima. The preferred conformation at the union of the two cyclo -  
hexane rings i s  e ,e  (equatorial, equatorial) and a conversion to  the a,
72
a (a x ia l, ax ia l) conformer is  en ergetica lly  not fe a s ib le . On the other
hand, the two conformers of the cis-isom er are of equal energy (e , a vs
a , e) and a rapid change of conformation at room temperature cannot be 
73r eso lv e d .1 Therefore, the n.m .r. shows only average values for each
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proton which resu lts  in a much simpler spectrum for the c i s - isomer.
H. Preparation of BicycloD4..2,o7octane
1. Preparation of B icyclo [U .2 .0 joct-7 -en e^
A 110 g. (1.02 moles) sample of c i s - c i s - 1 ,3-cyclooctadiene in a 
300 ml. quartz f la sk  was irradiated for eight days in a Rayonet Photo­
chemical Reactor with 2lj. tubes giving 2537 l ig h t . Samples were taken 
d aily , and the increase to an indicated 17.2$ conversion to  bicyclooctene  
was p ra c tia lly  linear over that period. Ethyl ether was added and a 
polymer p recip itated . The eight-carbon fraction  was separated from the 
solvent and high b o ilin g  residue by d is t i l la t io n  at reduced pressure and 
th is  d is t i l la t e  was carefu lly  fractionated in a 12 in . packed column at 
35 iraa* pressure to  obtain 3 fra c tio n s. The f i r s t  fraction  (17 g . ,  b .p .
52.5 to  55°) contained 27$ of the cyclobutene derivative. The other 
fraction s boiled  at 57° and contained 18 and 7$ cyclobutene for an over­
a l l  y ie ld  of 10$.
The f i r s t  two cuts were combined and the cyclobutene derivative  
was separated from the diene by preparative chromatography (10 f t .  x 3/8  
in . column packed with carbowax on chromsorp P at 125°). There was ob­
tained 2 .5  g . of the b icyclo  [It.2.oJoct-7-ene in e sse n tia lly  the pure 
s ta te .
In another experiment, no product was formed in 3 days of irradi­
ation  in the same photochemical reactor with 3^00 % source lamps. In a 
2 to  1 benzene so lu tion  and under a nitrogen atmosphere, the best con­
version was obtained at 11.5$. However, the extent of polymer formation 
was e s se n t ia lly  the same.
The infrared spectrum showed strong "vinyl type" absorption at 
3.2  microns. Wo carbon-carbon m ultiple bonding was indicated in the 6
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micron region. This agrees with theoryj c i s - double bond vibrations do 
not resu lt in dipole moment changes and therefore do not absorb. The 
n.m.r. spectrum was obtained from a neat sample with TMS (tetramethyl- 
silan e) and chloroform as dual internal references. Three peaks were 
indicated* -1 .60  p.p.m. (8,2 cyclohexane protons) unresolved m ultip let,
-2 .88 p.pm. (2 .0  bridgehead protons) smeared quintet and -6 .18  p.p.m.
(2 v in y l  protons) sharp s in g le t . The chemical sh ift  p osition s did not 
agree with those reported by Chappell and Clark, but th eir  integrated  
areas were 8 .5 /2 /2 .8  at -1.1*2, -2 .58  and -5.U8 p.p .m ., resp ectively . It  
appears that th eir  instrument had a fau lty  sweep width adjustment since  
these values are roughly proportional to  those above.
2 . Preparation of B icyc loQ*. 2 .0]  octane
The f i r s t  attempt to prepare th is  compound was made by hydrogen­
ation of a solution  that analyzed 5 .6  g . (0.052 mole) of b icyclo[l* .2 ,q )- 
oct-7-ene and 26.2 g . (0.2l*2 mole) of c i s -  c i s - 1 ,3-cyclooctadiene. The so­
lution was dissolved in 160 ml. of anhydrous methanol, and 0 .1  g. of $% pal­
ladium on carbon was added as ca ta ly st. The hydrogenation was started  
with 36.2 p s i in the Paar low pressure hydrogenator, and the hydrogenation 
was stopped 15 minutes later at 31.6 p s i (0,01*9 mole of hydrogen consumed) 
to  see i f  there was a preference to  saturate the cyclobutene derivative  
over the diene. Chromatographic analysis of the mixture showed that a 
new peak was formed (of intermediate v o la t i l i t y  compared to  the two 
starting m aterials) but that the to ta l  area of the unreacted cyclobutene 
and the hydrogenated species decreased decidedly with respect to  the 
diene. I t  was found th at c i s - cyclooctene and the 1 ,3-diene have id en ti-  
cale reten tion  time in the GE-96 s ilic o n e  cap illary  column. I t  appeared 
that maybe the palladium ca ta lyst was rearranging the cyclobutene to  the 
1,3-diene or the cyclobutane derivative to  cyclooctene.
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For the second a t t e s t ,  2,2 g . of cyclobutene derivative which 
had been separated by the Autoprep was quantitatively  hydrogenated with
ih.5% platinum on carbon (platinum has le ss  tendency to  isomerize o le fin s)  
at 30 p si in 2 hours. The product hydrocarbon had an identica l v .p .c .  re­
tention  time as the new peak noted above. The saturated derivative was 
isolated  by d is t i l la t io n  and subjected to  spectroscopic analysis. The 
n.m.r. spectrum showed roughly 3 peaks: -1.U7 p.p.m. (7.75 protons from
the cyclohexane ring) a t a l l  rounded unresolved m ultip let, -1 .82 p.p.m. 
(U.2 protons from cyclobutane ring) a quartet with smaller side bands, 
and - 2.32 p.p.m. (2.02 protons for the bridgehead p osition s) a rounded 
unresolved m ultiplet showing considerable width (about 0.5 p .p .m .).
I .  E lectro lysis of Cycloalkanecarboxylic Acids
1. Description of C ells
The apparatus (Figure 1) consisted of a 250 ml. e lectroytic  beaker 
f it te d  with a large rubber stopper into which a thermometer, a conden­
ser, and a 0.55 in . diameter copper cathode and graphite anode was in­
serted. Provision for stirr in g  was supplied by a magnetic s t ir re r . The 
current source was two 85 amp., 12 v o lt  b a tter ie s  in s e r ie s . The cur- 
rent density (c .d .)  of 0.01*5 amp. x cm.~ was maintained for a l l  experi­
ments. This c .d . amounted to  0 .8  amp. with these electrodes and 100 ml. 
to ta l solution^ the current was adjusted by a variable resisto r  and 
monitored by an indicating ammeter. The current was also  checked by a 
gas ebullometer during the e le c tr o ly s is . This allowed the estimation of 
the to ta l  quantity of e le c tr ic ity  passed through the c e l l .  Water breaks 
down under a p oten tia l of 1.7 v o lts  to  produce hydrogen and oxygen at 
one atmosphere pressure. This reaction took place along with the e lec ­
tr o ly s is . The reactions were:
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Anode RCQCf —*» R+ + COg + 2e
" HDH-»- 2 tf* + 1/2 02 + 2e
Cathode 2 HOH + 2e 2 OH" + Hg 
-  For the calcu lation  o f the current e ff ic ie n c y  the sim plifying  
assumption was made that a mole of gas was produced as one Faraday 
passed from the cathode to  the anode. For the e le c tr o ly s is  of water 
there would be 0.75 mole of gas produced, however.
The current e ff ic ie n c y  was defined as the amount of acid consumed 
divided by the moles of electrons passing through the c e l l  as determined 
by the volume of gas produced.
The elim ination fraction  is  the amount of o le f in  plus b icy c lo a l-  
kane produced (the hydrocarbon portion) divided by the amount of acid 
consumed.
The hydrolysis portion of the reaction  was composed of alcohol 
and e s te r , which were formed as a r esu lt  of solvent or carboxylate at­
tack on the resu ltin g  cycloalkyl cation .
Two c e l l  m odifications were used to  determine the e ffe c t  of 
electrode composition on the reaction . The f i r s t  m odification was the 
incorporation of a circu lar copper cathode o f 1.25 in . diameter, per­
forated to  f a c i l i t a t e  s t ir r in g . This allowed a uniform f ie ld  around the 
anode and a uniform current density. -
The other m odification was the incorporation of a platinum 
anode to  determine i f  there i s  actually  c a ta ly tic  a c t iv ity  involved with  
a graphite electrode.
2 . E lectro ly sis  of Cycloheptanecarbo:xylie Acid
An aqueous so lu tion  of 28.1; g . (0 .2  mole) of cycloheptanecar- 
boxylic acid and 3*0 g . (0.075 mole) of sodium hydroxide (100 ml. to ta l)  
was placed in the c e l l ,  and the current was adjusted to  0 .8  amp. (0.0i;5
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c .d . ) .  Stirring was maintained and Dry Ice was kept in  the condenser 
while the gas evolved. After 5 hours, the current dropped to 0 .6  amp. 
and e le c tr o ly s is  was stopped 2.5 hours la ter  at 0 .2  amp. The mixture was 
made alkaline with sodium hydroxide and f i lte r e d  to  remove most of the 
graphite which crumbled o ff the electrode. The mixture was extracted 3 
times with 75 ml. portions of petroleum ether, and the aqueous layer was 
se t aside for recovery of the unreacted acid . The organic solvent was 
removed by rotary evaporation, and the product mixture was d is t i l le d  at 
reduced pressure to give 0.3 g . (0.0031 mole) of hydrocarbon; b .p . 56°
(56 mm.); 0.3 g . (0.0025 mole) of cycloheptanol, b .p . 65° (6 ram.), n^ -^
l.ltfOO; and 2.0 g . (0.0171 mole) of cycloheptyl eyeloheptanecarboxylate. 
Cycloheptanecarboxylic acid (19.9 g . ,  O.lU mole) was recovered from the 
aqueous so lu tion  by a c id ifica tio n  with hydrochloric acid , extraction in 
pentane and d is t i l la t io n  at reduced pressure. Total m aterial balance was
82.5$.
The gas co llec ted  was 2600 ml. (0.106 eq .) for a current e f f i c i ­
ency of 113%. The elim ination fraction  based on acid consumed was 0.052.
The hydrocarbon fraction  was analyzed by v .p .c .  and found to  
contain 87% of cycloheptene and 12% b ic y c lo [U .l.oJheptane. The reten­
tio n  tim es for the two components were id en tica l to  those of products 
obtained from the tosylhydrazone decompositions.
3 . E lec tro ly sis  of Cyclooctanecarboxylic Acid
An aqueous so lu tion  of 31.2 g . (0.2 mole) of cyclooctanecarboxy­
l i c  acid and 3 g . sodium hydroxide (0.075 mole) (100 ml. to ta l)  was pre­
pared; the mixture required heating to  30° to  a ffe c t  d isso lu tio n . The 
apparatus was the same as that used for the previous acid . The current 
was adjusted to  0.8 amp. (0.0U5 c « d .) , and the temperature was maintained 
at 39 to  UO0 during the e le c tr o ly s is . After 6 hours of steady evolution
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of gas (2*35 1* or 0.0955 eq»), the e le c tr o ly s is  was stopped, and the 
products were iso lated  as before.
The hydrocarbon fraction  contained 1.1; g . (0 .0 1 2  mole) and the 
cyclooctanol and ester fraction s contained 0.2 g. (0.0016 mole) and 2.5  
g . (0 .0 1 8 9  mole), resp ectively . There was recovered 2 1 .9  g . (O .l l;  mole) 
acid for a to ta l  m aterial balance of 86.5$. The elim ination fraction  
was 0 .20 .
Analysis by v .p .c .  revealed that the hydrocarbon fraction  con­
tained 75$ c i s - cyclooctene, 11.3$ b icy c lo [5 .1 .0 ]octane, 8.5$ b icyclo -  
[3 .3 .o joctan e and U.2$ of a s lig h tly  more v o l i t i t l e  hydrocarbon.
A. second run was made in which 2 .1  g. (0.019 mole) of hydrocar­
bon, 0 .9  g . ( 0.007 mole) of cyclooctanol, U .5  g . (0 .03U  mole) of ester  
and 15.7 g . (0.10 mole) of recovered acid were obtained from a sim ilar 
e le c tr o ly s is  o f 28.5 g . (O.I83 mole) of acid at i;0°. The to ta l  mater­
ia l  balance was 87.5$. The to ta l gas co llected  was 3150 ml. (0.128 
e q .) .
‘ The hydrocarbon fraction  contained 75$ cis-cycloocten e, 13$ 
bicyclo(5*1.0joctane, 8$ bicyclo(*3.3 .0] octane and k% of the most v o l i -  
t i l e  component.
The current e ffic ie n c y  for the two runs was 120 and 126$, re­
sp ec tiv e ly , while the elim ination fraction  was 0.20 and 0 .23 , respec­
t iv e ly .
1*. E lec tro ly sis  of Cyclononanecarboxylic Acid
An aqueous solution  (100 m l.) of eyelononanecarboxylic acid 
( 19.1|- g . , 0.108 mole) and sodium hydroxide (3 .0  g., 0.075 mole) was placed 
in  the c e l l  and electrolyzed . The current was adjusted to  0 .8  an$>. and 
the temperature was allowed to  reach I4V5 to  fa c i l i t a t e  s t ir r in g . At
lower tengjeratures, foaming occurred and danger of losing product to  the
\
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condenser was apparent. After 6 hoars, the to ta l  gas co llected  was 
3,325 ml. (0.133 e q .) . The products were worked up as before. The hy­
drocarbon fraction  weighed 1.8 g. (0.011$ mole). The oxygenated pro­
ducts were 1.0 g . (0.007 mole) of alcohol and 2 .9  g. (0.0191 mole) of 
ester . There was 9 .1  g . (0.05 mole) of recovered acid for a to ta l mater­
ia l  balance of 81$. The elim ination fraction  based on acid consumed was 
0.25 and the current e ffic ie n c y  obtained was 80%.
The hydrocarbon fraction  contained 60.1$ c is -cyclononene, 27. 9% 
trans-cyclononene, 3 . 8% bicycloQ o.l.o]nonane, 5 . 8% bieye 10 Q4.. 3 • o]nonane 
and 2% of a more v o l i t i l e  conponent.
The second run was conducted at $1 to  5U° and a to ta l  of 3,300 
ml. (0.133 eq .) of gas was co llected  in 6 hours and 20 minutes. From 
23.0 g . (0.135 mole) of acid , 2 .0  g . (0.016 mole) of hydrocarbon frac­
tio n  and U.li. g. (0.03 mole) of alcohol plus ester were produced. The 
recovered acid amounted to  13.1 g. (0.077 mole) for a to ta l  material 
balance of 91%. The elim ination fraction  based on acid consumed was 
0 .21 . The current e ffic ie n c y  was again 80%.
The hydrocarbon fraction  contained 66.5% cis-cyclononene, 27.3% 
trans-cyc lononene, 1.5% bicyclo(j6. 1. 0]nonane, U.3% b i cy cloQ n 3. o] nonane 
and 0 . 7% of the more v o l i t i l e  component.
The hydrocarbons produced in both these runs exhibited identical 
reten tion  times as those produced by the cyclononanone p-toluenesulfony 1- 
hydrazone decompositions. The bicyclo(j6.1.o)nonane made from cyclooctene 
and methylene iodide provided further evidence to help in  the estab lish ­
ment of the id en tity  of th is  species in the above mixture. I t s  reten­
tio n  time was id en tica l to  the peak so designated in each sample above.
5 . E lectro ly sis  of Cyclodecanecarboxylic Acid
An aqueous mixture (100 m l.) of 27.8 g. (0.151 mole) of cyclo-
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decanecarboxylic acid and 3 .0  g . (0.075 mole) of sodium hydroxide was 
prepared. Instead of a true so lu tion  being formed, the mixture resulted  
in  a viscous j e l l  that could not be s t ir re d . However, when the tempera­
ture was raised to  55° and more water (25 m l.) was added, the j e l l  was 
broken and a uniform so lu tion  was obtained. E lec tro ly sis  was started at 
0.8 amp. and the temperature was maintained at 55 to  60°. After 6 hours 
of e le c tr o ly s is , the to ta l  gas co llected  was 3,030 ml. (0.123 e q .) .  The 
acid recovered amounted to  22 .9  g . (0.125 mole) or 0.0315 mole of acid 
consumed. This made a current e ff ic ie n c y  of only 51$. After working up 
the e le c tr o ly s is  products, the hydrocarbon fra c tio n  was found to contain  
2.1; g . (0 . 0171; mole) and the oxygenated fraction  1.5 g . (0.009 mole) for  
a to ta l  m aterial balance of approximately 100%. The h yd ro lys is  fraction  
had the ch aracteristic  odor of cyclodecanone. Evidently at th is  low 
current e ff ic ie n c y , some of the alcohol was oxidized by the oxygen pro­
duced at the anode. The elim ination  fraction  based on acid consumed 
was 0 .55 , the highest of any of the medium ring acids.
The eyelodecene fra c tio n  was conqx>sed of 3 k .3% c i s - cyclodecene, 
55% tran s-cyc lodecene, and 10.7% of a mixture of approximately 60% bicy­
c le  [5«3.0] decane and an unidentified  hydrocarbon. The bicycloQi>.3.(3 -  
decane had a reten tion  time id en tica l to  that obtained by the decomposi­
tio n  of the cyclodecanone tosylhydrazone. The unidentified component 
was not trans*43icyclo[l;.l;.Q}decane, c is -b ic y c lo [8 .l.ojdecane or 1-methyl- 
cyclodecene. A sample of bicyclo[6.2.crjdecane was not availab le for 
comparison.
The apparatus for the second e le c tr o ly s is  of cyclodecanecarboxy- 
l i c  acid was that described previously , except that the circular copper 
cathode and the graphite cen tra lly  located anode was used to  produce a 
hogeneous f ie ld  and a correspondingly uniform current density .
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An aqueous so lu tion  (100 m l.) of 21.1 g . ( o . l 1? mole) of the acid 
and 3 .0  g . (0.075 mole) of sodium hydroxide was charged to  the above c e l l  
and electrolyzed at 0.0l*5 c .d . A to ta l  of 2lj.25 ml. (0.099 eq .) of gas 
was evolved. After work up, 17.3 g . (O.09I4. mole) of acid was recovered. 
This acid consumption made for a current e ffic ien cy  of 1*2$. The hydro­
carbon fraction  was 0.9 g. (0.0065 mole) and the hydrolysis fraction  
contained 1.0 g . (0.0062 m ole). The over a l l  m aterial balance was 93$ 
and the elim ination fraction  was 0 ,31.
The hydrocarbon fraction  contained 35.8$ c i s - cyclodecene, 51.9$  
tran s-cyc lodecene and 12.2$ of a mixture of approximately 60$ b icyc lo -  
[ 5 .3 .O^decane and the remainder was the unidentified hydrocarbon.
The th ird  e le c tr o ly s is  u tiliz e d  the circu lar cathode and a smooth 
platinum anode of the same diameter as the previously used graphite 
electrode. An aqueous so lu tion  (100 m l.) of 2l*.0 g . (0.13 mole) of cy- 
clodecanecarboxylic acid and 3 .0  g . (0.075 mole) of sodium hydroxide 
was placed in the c e l l ,  the e le c tr o ly s is  was started at 0.0U5 c .d . ,  and 
the temperature was allowed to  reach 67° to prevent foaming which oc­
curred at lower temperatures. The to ta l  gas co llec ted  was 3Ul5 ml.
(0.139 eq.)« The hydrocarbon portion contained 0.18 g . (0.0013 mole), 
the hydrolysis fraction  was 0.32 g . (0.002 mole) and the recovered acid 
was 23.0 g . (0.125 m ole). The to ta l  m aterial balance was 98. 6$ and the 
elim ination fraction  was 0.2U. The current e ff ic ie n c y  was only 7.2$  
and the a lcohol-ester fraction  possessed the odor of cyclodecanone.
This was p a r tia lly  v e r ifie d  by comparison of the reten tion  time obtained 
by v .p .c .  to a chromatogram of cyclodecanone obtained several months 
prior to the experiment. Wo authentic sample was availab le at the tim e. 
The integrated area ra tio  of the cyclodecanone to  the hydrocarbon frac­
tio n  was If to  10.
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The hydrocarbon fraction  contained 1+2,3% c i s -cyc lodecene, 50.5% 
tran s-cyc lodecene and 1 . 2% of the p a r tia lly  resolved (by v .p .c .)  mix­
ture of bicyclo[j?.3 . 03decane and the unidentified hydrocarbon.
The neutral portions (hydracarbon and hydrolysis fraction ) had 
infrared spectra almost id en tica l to  the corresponding product fractions  
from the two prior reaction s. Wo evidence of Kolbe coupling products 
were noted in the la s t  run. A v .p .c .  of the neutral portion showed 
only hydrocarbon and cyclodecanone up to 36 minutes at 130° and 30 p s i  
in a 100 f t .  cap illary  column coated w ith GE-96 s i l ic o n e .
The fourth e le c tr o ly s is  o f cyclodecanecarboxylic acid was per­
formed with a 0 .55 in . diameter platinum anode and a copper cathode of 
the same s iz e . An aqueous so lu tion  (100 m l.) of 2 b .1 g . (0.131 mole) 
of acid and 3.0  g. (0 . 07  ^ mole) of sodium hydroxide was electrolyzed in 
5 .5  hours at about 65° and 0.0U5 amp. x cm“  ^ c .d . A to ta l  of 3,3UO ml. 
(0.136 eq .) of gas was produced. The recovered acid amounted to  23.2 g. 
(0.126 mole) while the neutral portions contained a to ta l  of only 0.7 g. 
An analysis by v .p .c . ,  using cyclooctene as an internal standard, showed 
0 .1  g . (0.00073 mole) of hydrocarbon and 0.6  g. (O.OO38 mole) of a lco -  
h o l-e ster . The hydrocarbon showed the same an a lysis as th e  third run 
of th is  ac id . The m aterial balance was 99.5%, the current e ffic ien cy  
was 1.3% and the elim ination fraction  was 0 .15 . The neutral portion  
again contained considerable cyclodecanone, presumably from oxidation  
of the c y c lic  alcohol by the evolved oxygen.
J . Solvolysis of Cyclooctyl Bromide
A solu tion  of 7.3 g . (O.O38 mole) of cycloo ty l bromide in 150 
ml. of 67% aqueous tetrahydrofuran was refluxed over the week-end (90 
hours). The solu tion  was diluted with 200 ml. of water and the aqueous
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portion extracted 3 times with 7£ ml. portions of petroleum ether. The 
combined extracts were washed 5 times with water to remove the tetrahy- 
drofuran. The solu tion  was dried over magnesium su lfa te , concentrated 
by a rotary evaporator and d is t i l le d  at reduced pressure to give 0.8 g. 
(19%) of c i s - cyclooctene and 1.0 g. of cyclooctanol. Test experiments 
indicated that bicyclooctanes are not lo st p referen tia lly  from mixtures 
of hydrocarbons during rotary evaporation of so lvent. Wo evidence for 
the presence of any bicyclooctanes could be found by v .p .c .  analysis of 
the apparently pure cis-cyclooctene fraction .
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APPENDIX
A. Attempts to  Prepare 2-hydr oxycyclooctanecarboxylic Acid 
1* Introduction
In these laboratories, considerable atten tion  has been directed
to  the chemistry of the 2-hydroxycycloalkyl ca tion . Acid-catalysed
69 22 23rearrangement of cyclooctene g lyco ls and cyclooctene oxides, * dea-
mination of 2-hydroxycycloocty 1 amine, and so lv o ly sis  o f trans-2-chloro-
76and tr ans-2-bromocyclooctano 1 give product mixtures containing unequiv­
alent amounts of both transannular and nontransannular products. Com­
peting mechanisms involving d ifferen t kinds of cation ic  intermediates 
have been proposed.75>76
Perhaps the e le c tr o ly s is  of 2-hydr oxycyc looctanecarboxylic acid ,
generating a 2-hydroxycycloocty1 cation , could provide additional data
relevant to  reaction  mechanisms. An endeavor to  obtain th is  acid is
described in th is  section . Some of the methods used in the attempts to
prepare 2-hydroxycyclooctanecarboxylic acid merit only a description of
the scheme employed, while others merit considerable a tten tion  due to
the synthesis of some in teresting and valuable compounds.
2 . Addition of Acetylchloride to  c is - Cyclooctene
77The method used was adopted from a procedure11 to  prepare 2-ch lo-  
rocyclohexyl methyl ketones
Ac Ac
c o  + a c c i  +
61*
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The product was then to  be oxidized to the unsaturated acid v ia  
sodium hypochlorite, e s te r if ie d , hydroborated to  the hydroxy ester and 
hydrolysed to  the acid . The f i r s t  step resulted in mostly polymer. The 
2-acetylcyc loocty 1 cation apparently adds to cyclooctene to  give polymer 
rather than elim inate to  o le f in .
3 . A tte s te d  Preparation of 1-acetylcyclooctene
V ft
This method was adopted from a procedure for the preparation 
of 1-acety lcyclohexane:
AC
Extensive tar and polymer were obtained from th is  reaction .
Addition of Hydrogen Qyanide to c i s - cylooctene Oxide 
The follow ing scheme was attempted:
OH OH
Very l i t t l e  reaction  took place but acid hydrolysis of the mixture was 
tr ie d . About 0 .5  g . of an acid was made based on k3 g . (0.3U mole) of 
cyclooctene oxide in excess aqueous hydrogen cyanide so lu tion .
5 . Addition of Carbon Tetrabromide to cis-cyclooctene
Er
There was obtained a fa ir  y ie ld  of a compound of comparable v o la t i l i t y
to  that expected for l-bromo-2-tribromomethylcyclooctane (extrapolated
2lifrom the v o la t i l i t y  of l-bromo-2-trichloromethylcyclooctane ) but
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hydrolysis gave only 0.2£ g . of an acid , the infrared spectrum of which 
was sim ilar to  that obtained in section  k  above*
6* Addition of Benzoyl Chloride to Cyclooctene Oxide 
The follow ing scheme was attemptedi
och2 4
-h  Cpci^ ci
coa
DMSO
OCH,2 <P
COOH
Hn
Mg
ether
OH
Cat,
COOH
The f i r s t  step was unsuccessful with several solvents with and without 
Lewis Acid ca ta ly sts  (AlCl^, BF  ^ and ZnC^). Probably the equilibrium  
favors the reverse reaction  as no reaction  could be detected and sta r t­
ing m aterials were recovered.
7* Reaction of trans-2-chlorocyclooctanol w ith Sodium Cyanide
The follow ing scheme was attempted:
OH OH
^ ^ ^ _ C 1  + UaCU DMSO
The chlorohydrin lo s t  hydrogen chloride immediately to  form c i s - cyclo- 
octene oxide in an exothermic reaction .
8 . Preparation of 1-cyclooctenyllithium  
The follow ing scheme was attempted:
Li
ether
Li
CO,
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This reaction  took place so slu gg ish ly  that i t  appeared the alkyllithium  
reacted with solvent as fa s t  as i t  was formed. Upon subsequent carbona- 
tion  no acid was obtained.
9 . oc-Fyranyl Ether Protective Group Approach
79a . 2, 3-Dihydropyran
Tetrahydrofurfuryl alcohol was d is t i l le d  into an 8 in . x 10 mm. 
tube packed with 200 mesh alumina which was heated to  200 to  2J?0° by a 
tube furnace. A s lig h t p o s itiv e  pressure of nitrogen moved the vapors 
through the ca ta lyst into a condenser at 0° , and a v o la t i le ,  black  
liqu id  was co llec ted  in a f la sk . The escaping vapors were directed to  
a hood since powerfully lachramatory components were produced as side 
products. From 200 ml. o f tetrahydrofurfuryl alcohol, about 50 ml. of 
the black liquid was co llec ted . This crude product was d is t i l le d  to  
give 16 g . of 2, 3-dihydropyranj b .p . 8U° (760 mm.)j ( l i t . ^  b .p . 85- 86°
(760 mm.)). The forecut contained an extremely powerful lachramator.
80b . 2-Bromocyc loocty 1 <x-Pyranyl Ether
A sample of c is-cyclooctene o x id e^  (b .p . 67° (8 .5  mm.)| l i t ^
b .p . 69.5 (1*0 mm.)) was prepared in 69^ y ie ld . The oxide was converted 
to  trans-2-bromocyclooctano 1 ^  (b .p . 7h -  76° (0.2 mm.)) by anhydrous 
hydrogen bromide in carbon tetrach loride for an 80$ y ie ld .
’ In a 500 ml. erlynmeyer f la sk  with a magnetic te f lo n  stirr in g  
bar were mixed 15 g . (0.179 mole) of 2,3-dihydropyran and 3U.2 g . (0.166 
mole) of tran s-2-for omocyc looctano 1. The mixture immediately warmed to  
h$°9 and stirr in g  was maintained for 30 minutes. A v .p .c .  analysis
Rnshowed the quantitative removal of 2 ,3—dihydropyran. Woods and Farmer 
used concentrated hydrochloric acid as a ca ta ly st and few of their  a l­
cohols gave such high conversions. The infrared spectrum contained an
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ether absorption at 9 .6^m hut no 0-H, v in y l C-H, or C-C absorptions.
The n.m .r. spectrum showed signals: -1 .6  p.p.m. (12 protons: 8 from
cyclooctane ring and If. from pyran r in g ), large unresolved m ultip let;
-1 .8  p.p.m. (2 protons: CH2 at carbon-3 on pyran r in g ) , shoulder to  12 
proton peak; -1 .9  to  -2 .3  p.p.m. (It protons: CHg at carbon-3 and carbon- 
8 of cyclooctane r in g ), broad unresolved m ultiplet; -3 .0  to  -Lt.lt p.p.m.
(ii protons; CH2 at carbor-5  on pyran, -CHO- and -GHBr-  on cyclooctane), 
broad sawtooth type m ultiplet and - it .75 p.p.m. (1 proton: -OCH-O- on 
pyran ring) broad s in g le t- lik e  m ultip let.
The addition of 2-bromocycldoctyl cf-pyranyl ether to magnesium 
metal turnings in ether resu lted  in  no reaction . In anothr experiment 
the reaction  was started using 5 g. of methyl iodide and the addition  
of the above ether resu lted  in a s lig h t exothermic reaction but the re­
action ceased as soon as the methylmagnesium iodide was used up. Further 
addition of m ettyl iodide indicated that the so lu tion  s t i l l  contained 
Grignard a c tiv ity ;  the methyl iodide reacted vigorously. Cyclooctene 
was produced as a side product of the reaction . The a ceta l oxygen on 
the pyran ring could attack the magnesium intramolecularly to  give the  
follow ing:
The aldehyde formed could quickly react with any remaining Grignard rea­
gent. Iso la tio n  of the aldehyde product was unfortunately not attempted, 
but the infrared spectrum showed hydroxyl as w e ll as carbonyl absorption.
c . Attempts to Prepare Grignard Reagent
+- BrMgOCCHg^CHO
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The reaction of the pyranyl ether with lithium metal in ether 
gave sim ilar r e su lts . The infrared spectrum showed hydroxyl and car­
bonyl absorption and cyclooctene was indicated by v .p .c .  an a ly sis . I t
o o
was reported that attempts to prepare the Grignard reagent of 2-bro- 
moethyl o(-pyranyl ether with an equimolar amount of methyl iodide (no 
reaction when ether was used alone) gave ethylene and no evidence of 
any Grignard reagent upon carbonation.
10. Reaction of 2-Bromocyclooctyl oC~Ftyranyl Ether with Sodium 
Cyanide
A so lu tion  of 21.3 g. (0.072 mole) of the o<-pyranyl ether in 
100 ml. o f dimethyl sulfoxide was heated to  80°, a slurry of 3 .6  g. 
(0.075 mole) of sodium cyanide in DMSO was added, and the mixture was 
stirred  for several hours. Petroleum ether was added and the s a lt  and 
solvent DMSO were washed out by 6 water extractions. The solvent was 
removed by a rotary evaporator to obtain an o i l .  The infrared spectrum 
of the o i l  showed only starting m aterial.
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